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SUMMARY 

Th i s   r epor t  i s  s u b m i t t e d   i n   f u l f i l l m e n t   o f   t h e   f i n a l   p h a s e   o f  

Contract No. NAS 12-3 between  the  Northrop  Corporation  and  the  National 

Aeronautics  and  Space  Administration,  Electronics Research Center. It 

r e p r e s e n t s   t h e  work  done during  the  per iod  beginning 15 April  1965  and 

ending  15  October 1967  and d e s c r i b e s   i n   d e t a i l   t h e   r e s e a r c h  and  develop- 

ment cu lmina t ing   i n  a s e r i e s   o f   s e l e c t i v e   d e t e c t o r s   f o r   t h e  vacuum u l t r a -  

v io le t   reg ion   be tween 1000 and 100A. 
0 

A genera l   survey  of the   var ious  modes o f   i n t e r a c t i o n   o f   e l e c t r o -  
0 

m a g n e t i c   r a d i a t i o n   i n   t h e  100 - l O O O A  reg ion   wi th  matter has been 

conducted.   These  interact ions  have  been  analysed  in  terms of photon 

e f f i c i ency ,   wave leng th   cu t -o f f ,  minimum pho ton   f l ux   r equ i r ed   fo r   de t ec t ion  

o f   t h e s e   e f f e c t s ,  ease o f   wave leng th   r e so lu t ion   t h rough   s e l ec t ive   de t ec t ion ,  

and   ea se   o f   f ab r i ca t ion   and   ca l ib ra t ion   o f   r e su l t an t   de t ec to r s .  

Based  on th i s   ana lys i s ,   t he   t r ansmi t t ance   o f   t h in   f i lms   and   pho to -  

i o n i z a t i o n   i n   g a s e s  are s e l e c t e d  as t h e   p o s s i b l e   i n t e r a c t i o n s   r e s u l t i n g  

i n   s e l e c t i v e   d e t e c t o r s .   T h i n   f i l m s  of aluminum,  bismuth,  indium,  titanium, 

and t i n   a r e   p r e p a r e d  and supported on mosaic  glass  obtained  from  Permionics 

Corporation.  Techniques  are  developed  to  seal   the  mosaic  glass  with a 

f i l m   t o   t h e  metallic p l a t e .  This p l a t e  i s  then  used as a f i l t e r  as 

well as a window f o r a   r a r e g a s   i o n  chamber t o   f o r m   t h e   r e s u l t a n t   s e l e c t i v e  

d e t e c t o r .   S p e c t r a l   r e s p o n s e   c h a r a c t e r i s t i c s   o f   s e l e c t i v e   d e t e c t o r s  

using (1) bismuth  f i lm  with  neon,  argon,  and  krypton; ( 2 )  ind ium  f i lm  wi th  

argon , krypton , and  xenon ; and ( 3 )  t i tanium. f i l m  with  argon , neon,  and 

helium are p resen ted   w i th   emphas i s   on   s e l ec t iv i ty  of response.  The long 

wavelength  response i s  l i m i t e d   e i t h e r  by the pho to ion iza t ion   onse t   o f  



- 1  

the f i l l i n g   g a s   o r  by t h e   o n s e t   o f   o p t i c a l   t r a n s m i s s i o n   i n  a t h i n   f i l m  

whereas the short   wavelength  response i s  l imi ted   by   the   t ransmiss ion   cu t -  

o f f   i n   t h i n   f i l m s .   T h e s e   r e s u l t s  were presented a t  the jo in t   mee t ing  

o f   t he  American Physical  Society,  Sociedad  Mexicana D e  F i s i c a ,  and t h e  

Canadian  Associat ion  of   Physicis ts   held on 2 1  - 23 June  1967, a t  Toronto, 

Canada,  under  the  heading  of  "Use  of  Thin F i l m s  i n   S e l e c t i v e   D e t e c t i o n  

of   Extreme  Ultraviolet   Radiat ion Between 100 - LOOOA," by Om P. Rustgi 

which  appeared i n   t h e   B u l l e t i n   o f   t h e  American Phys ica l   Soc ie ty ,  Vol. 

12, p .  640 (1967).  Following i s  t h e   a b s t r a c t   o f   t h i s   p a p e r :  

0 

We have  prepared  ion chamber d e t e c t o r s   w h i c h   u t i l i z e   t h e  

t r ansmi t t ance   p rope r ty  of t h i n   m e t a l l i c   f i l m s   a n d   t h e   i o n i z a t i o n  

p rope r ty  of ra re   gases   in   the   wavelength   reg ion   be tween 1000  and 

l O O g ,  Thin  f i lms  of  B i ,  I n ,  and o t h e r  metals have  been  used as 

windows f o r   t h e   d e t e c t o r s   c o n t a i n i n g  K r ,  A,  and o t h e r  rare gases .  

Spectral   response  has   been  measured  by  col lect ing  the  posi t ive 

ions  produced  in   the  ion  chamber .   For  a combination  of B i  f i l m  

and K r ,  A ,  o r  Ne g a s ,   t h e   o u t p u t   s i g n a l  i s  l imi ted   to   850  - 
5 1 0 A ,  787 - 510A, and 580 - 510A wave leng th   i n t e rva l s ,   r e spec t ive ly .  

The technique of suppor t ing   t h in   f i lms  w i l l  be  described. 

0 0 0 

In   o rde r   t o   na r row down s t i l l  f u r t h e r   t h e   s p e c t r a l   r e g i o n   i n   w h i c h  

t h e s e   d e t e c t o r s  are sens i t ive ,   composi te   f i lms   of  A1 and Sn are prepared 

and t ransmi t tance   measured .   Transmi t tance   o f   th in   pary lene  p e l l i c  type 

C a r e   a l s o   r e p o r t e d   f o r   p o t e n t i a l   u s e  as a s u p p o r t   f o r   m e t a l l i c   f i l m s .  

P r e l i m i n a r y   r e s u l t s  are repor ted   on   the   photon- induced   f luorescence   in  

a i r  but  are no t   u t i l i zed   t o   na r row down t h e   s p e c t r a l   r a n g e   o f   s e l e c t i v e  

d e t e c t o r s  e 

The c a p i l l a r y   s p a r k   d i s c h a r g e   l i g h t   s o u r c e  i s  success fu l ly   ope ra t ed  

i n   t h e   p u l s e - b u r s t  mode and i n t e n s i t y  measurements made by means o f  a 

Reeder   thermocouple   and  an  ul t raviolet   photodiode.   Prel iminary  resul ts   on 

t h e   p h o t o e l e c t r i c   y i e l d   o f   e l k o n i t e  10W3 a l loy   a r e   r epor t ed   u s ing   t he  

new s p h e r i c a l   p h o t o e l e c t r i c   c e l l .  

2 



SECTION I 

INTRODUCTION 

The a p p l i c a t i o n   o f  vacuum u l t r a v i o l e t   t e c h n i q u e s   t o   o b s e r v a t i o n  

and i n t e r p r e t a t i o n   o f   b a s i c   p h y s i c a l  phenomena i n   t h e   l a b o r a t o r y  and 

i n   s p a c e   h a s  assumed a new s i g n i f i c a n t   r o l e   d u e   t o   i n c r e a s i n g   a e r o s p a c e  

experiment   mission  requirements .   During  the  past   decade,   there   has  

been  an  increasing demand for   the  development   of  new d e t e c t o r s   i n   t h e  

vacuum u l t r a v i o l e t   r e g i o n  of the  spectrum.  Various  space  sciences 

invo lve   t he   de r iva t ion  of as t rophys ica l   and   geophys ica l   quant i t ies   f rom 

photon  f luxes  obtained by  means o f   d e t e c t o r s   s e n s i t i v e   t o   v a r i o u s  

regions  of  the vacuum u l t r av io l e t   spec t rum.  

S a t e l l i t e  and rocket   spectroscopy  has   led  to   the  measurement  and 

i d e n t i f i c a t i o n   o f   s o l a r   r a d i a t i o n  below the   cu t -of f  l i m i t  o f  t h e   e a r t h ' s  

atmosphere. The emission of sho r t   wave leng th   r ad ia t ion ,   i nc lud ing  

X-rays,   from  the Sun i s  a s s o c i a t e d   w i t h   s u n - s p o t   a c t i v i t y  and s o l a r  

f l a r e s .   T h e s e   r a d i a t i o n s   i n t e r a c t   s t r o n g l y   w i t h   t h e   g a s e s  and vapors 

present   in   the   upper   a tmosphere  and c a u s e   d i s s o c i a t i o n ,   e x c i t a t i o n ,  

and i o n i z a t i o n .  The expec ted   i onosphe r i c   cha rac t e r i s t i c s  are de r ived  

as d i r e c t l y  as poss ib le   f rom  the  vacuum u l t r av io l e t   obse rva t ion   and  

then  compared  with  the  well-known D - ,  E - ,  and F-layer   formation.  The 

comparison  leads  to (1) a high  ionosphere  recombinat ion  coeff ic ient  

dec reas ing   r ap id ly   w i th   he igh t ,  ( 2 )  cont r ibu t ions   to   the   E- layer   f rom 

both U V  and  X-rays, and ( 3 )  very  l i t t l e  d i f f e r e n c e   i n   t h e   s o l a r   c y c l e  

va r i a t ions   f rom  the  D - ,  E- , and F - l a y e r s   a l t h o u g h   i n t e n s i t y   v a r i a t i o n s  

are grea te r   f rom  h igh   than  low i o n s .   I n   o r d e r  t o  c o n s t r u c t   p l a n e t a r y  

model a tmospheres   o f   ear th   and   o ther   p lane ts ,   one   t akes   recourse   to  

the  measurement of s o l a r  vacuum u l t r a v i o l e t   r a d i a t i o n  as a funct ion  of  

a l t i t u d e .  Knowing t h e   t o t a l   a b s o r p t i o n   c o e f f i c i e n t   o f   v a r i o u s   g a s e s  
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and  vapors as a funct ion  of   wavelength,  i t  i s  p o s s i b l e   t o   b u i l d   p l a n e t a r y  

model atmospheres.2,3  Rocket  spectroscopy  detected  the  presence  and 

d i s t r ibu t ion   o f   ozone  up t o  70 km by  measuring  the  a tmospheric   a t tenuat ion 

of U V  r a d i a t i o n   o f  25508 with al t i tude.   Molecular   oxygen  has   been  t raced 

t o  170 km by the absorp t ion   of  1500A r a d i a t i o n ,   t h e  maximum of   the  

Schumann - Runge d issoc ia t ion   cont inuum and t h e   t o t a l   a t m o s p h e r i c   d e n s i t y  

has  been  measured  to 160 km by  X-rays  between 44 and 6 0 A .  The decrease 

i n   i n t e n s i t y   o f  Lyman-a, i s  a gauge  of  the 0, concen t r a t ion   i n   t he   D- reg ion  

and may a l s o   p r o v i d e  a means of  determining H,O a t  t h e s e   a l t i t u d e s .  The 

absence  of Lyman-y a t  200 km i n d i c a t e s   t h e   p r e s e n c e  of molecular   ni t rogen,  

which  has a s t rong   absorp t ion   band   exac t ly  a t  the  wavelength  of  Lyman-y. 

0 

0 

c) 

The  measurement of vacuum u l t r a v i o l e t   r a d i a t i o n  i s  of g r e a t   s i g n i f -  

i cance   i n   t he   s tudy   o f   t he  Sun i n  terms of g iv ing   in format ion   on   the  

number of i o n s   i n   t h e  solar a t m ~ s p h e r e . ~   T h i s  makes i t  p o s s i b l e   t o  

d e r i v e  (1) t h e  amount of s o l a r  material in   each   tempera ture   range ,  ( 2 )  

the  chemical  abundancies,  and ( 3 )  the   phys ica l   d i f fe rences   be tween  the  

q u i e t   s o l a r   a t m o s p h e r e ,   c e n t e r   o f   a c t i v i t y ,   a n d   f l a r e s .  A program  of 

i n t e r e s t   t o   s o l a r   p h y s i c s   h a s   b e e n   o u t l i n e d   b y  Goldberg.’ The important  

parameters of s tudy   a r e  (1) a - s y s t e m a t i c   s t u d y  o f  the   so la r   spec t rum of  a l l  

wavelengths   shorter   than 3000A, (ii) X-rays, (iii 1 l i n e   p r o f i l e s  and 

( i v )  UV spectro-hel iograms.  The region  below 1700A i s  o f   p a r t i c u l a r   i n -  

t e r e s t   t o   t h e  s t u d y  o f  the  chromosphere  and  the  corona  where more ene rge t i c  

events   t ake   p lace .   This   requi res   cont inuous   moni tor ing   over   per iods  

of time on t h e   o r d e r  of   an  hour ,   only  possible   through  the  use of h i g h l y  

s t a b i l i z e d  s a t e l l i t e  o b s e r v a t o r i e s .  F a s t  s cann ing   o f   t r ans i en t   so l a r  

phenomenon w i l l  greatly  enhance  our  knowledge  of the physical   problems 

a s s o c i a t e d   w i t h   p l a g e s ,   f l a r e s ,  etc.  Observa t i ,ons   o f   the   u l t rav io le t  

t a i l  of the   so la r   energy   curve   and   para l le l   measurements   o f   l imb 

darkening  would  provide  an  important  check on present   models   of   the  

so l a r   pho tosphe re ,   e spec ia l ly   w i th in   t he   h ighes t   l aye r s .   Con t inuous  

moni tor ing   might   a l so   revea l   s ign i f icant   shor t - te rm  var ia t ions   in   the  

so 1 ar energy  output  . 

0 

0 

4 



The f i r s t   e x p e r i m e n t s   d e a l i n g   w i t h   t h e   o b s e r v a t i o n s   o f   u l t r a v i o l e t  

r ad ia t ion   f rom  the  Sun ca r r i ed   ou t   by  Tousey  and h i s  group6 at N R L  

employed a g ra t ing   spec t rog raph   u s ing  a photographic   f i lm as a de tec to r .  

H igh ly   r e so lved   spec t r a   have   s ince   been   ob ta ined   by   fu r the r   f l i gh t  

experiments,  and some o f   t h e   i n t e n s e   l i n e s   h a v e   b e e n   i d e n t i f i e d .  

M o n i t o r i n g   o f   i n t e n s i t i e s  a t  these   shor t   wavelengths   requi re   the   use  

o f   e l e c t r o n i c   r a d i a t i o n   d e t e c t o r s   i n   s a t e l l i t e - b a s e d   e x p e r i m e n t s  .7 9' 

There a lso   remain  some u n r e s o l v e d   i n c o n s i s t e n c i e s   i n   s o l a r   u l t r a v i o l e t  

i n t e n s i t y  measurements made w i t h   f i l m  and wi th   photoca thode   sur faces  

in   the   wavelength   reg ion   be low 1000A. S i n c e   t h i s   p a r t i c u l a r   f i e l d  of 

i n v e s t i g a t i o n   o f   t h e  vacuum u l t r a v i o l e t  i s  of r e l a t i v e l y   r e c e n t   o r i g i n  

when compared t o ,   f o r   i n s t a n c e ,   t h e   v i s i b l e   r e g i o n   o f   t h e   s p e c t r u m ,  i t  

i s  clear t h a t  much detection  development  must  be  done  before  this art 

w i l l  have   ach ieved   the   sophis t ica t ion   requi red  of modern experimentat ion.  

0 
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SECTION I1 

LITERATURE  SURVEY 

In   o rde r   t o   improve   on   t he   de t ec t ion   t echn iques   fo r   t he   e l ec t ro -  

magnet ic   radiat ion  between 100 - 1000 A,  i t  i s  impor t an t   t o   cons ide r  

t he   va r ious  modes of i n t e r a c t i o n  of t h i s   r a d i a t i o n   w i t h  matter. 

0 

- Various Modes o f   In t e rac t ion  

The t h r e e  main e f f e c t s  which  have  been  used f o r   d e t e c t i o n   o f  

vacuum u l t r a v i o l e t   r a d i a t i o n   c a n   b e   c l a s s i f i e d  as fo l lows :  

The f i r s t   e f f e c t  i s  based on the most e lementary  property  of   any 

form  of  energy,  namely, i t s  a b i l i t y   t o   h e a t  a body i n  which i t  i s  

absorbed.   Detectors   based on t h i s   e f f e c t  are c l a s s i f i e d  as khermo- 

couples,   bolometers,   thermopiles,   or similar i n s t r u m e n t s .   I n   o r d e r  

t o   d e t e r m i n e   t h e   a b s o l u t e   i n t e n s i t y   o f   r a d i a t i o n   i n   t h e  vacuum 

u l t r a v i o l e t   r e g i o n  below 1000A, t h i s   d e t e c t o r   r e q u i r e s  i t s  c a l i b r a t i o n  

a t  a w a v e l e n g t h   i n   t h e   v i s i b l e   o r   n e a r   u l t r a v i o l e t   r e g i o n   w h i c h  i s  f a r  

removed from  the  region  under   considerat ion.  A l s o ,  an assumption  has 

to   be  made t h a t   t h e s e   d e t e c t o r s   h a v e  a f l a t   r e s p o n s e   t o  a l l  wavelengths;  

i . e . ,  i t s  quantum e f f i c i e n c y  i s  cons t an t .  The gold  black,  with  which 

t h e   r e c e i v i n g   s u r f a c e   o f   t h e s e   d e t e c t o r s  i s  coa ted ,  i s  assumed to   be  

comple te ly   b lack .   This   requi res   tha t   the   coa t ing   of   the   de tec tor  

s u r f a c e   h a v e   n e g l i g i b l e   r e f l e c t a n c e   ( t r u e   o f   a l m o s t  a l l  s u r f a c e s   i n   t h e  

VUV) and t h a t   t h e  number o f   pho toe lec t rons   e j ec t ed   f rom  the   de t ec to r  

sur face   be   very  small. A s u b s t a n t i a l   p h o t o e l e c t r i c   y i e l d  w i l l  imply 

loss of photons   for   the   p roduct ion  of hea t   and   hence   an   e r ro r   i n   t he  

absolu te   photon   f lux .  

0 

The second mode of i n t e r a c t i o n  i s  where a chemical  change i s  

produced i n   t h e   r e c e i v e r .   P h o t o g r a p h i c   t e c h n i q u e s   a r e   i n c l u d e d   i n   t h i s  
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category.  Schumann f i r s t   in t roduced   spec ia l   photo-emuls ions   which  were 

poor i n   g e l a t i n . g   I n   r e c e n t   y e a r s   t h e  Eastman SWR short   wavelength 

r a d i a t i o n  f i l m  and t h e  Kodak Pa the   f i lm  have   been   the   types   genera l ly  

used   and   s tud ied   for   so la r   u l t rav io le t   rad ia t ion   measurements .  The 

Eng l i sh   p roduc t   I l fo rd  2 i s  similar t o  SWR and  the Kodak Pa the   supp l i e s  

h igh   sens i t ive   emuls ions   o f   the  Schumann type ,  SC-4 ,  SC-5, SC-7 , DC-3 , 
and SWR-C. Emulsions  with SC s u f f i x   a r e   g e l a t i n  f ree  and a r e   u s e f u l  

f o r  A > 50A. 
0 

The t h i r d  mode of i n t e r a c t i o n   c o n c e r n s   i t s e l f   w i t h   t h e   a b s o r p t i o n  

of  photons i n   s o l i d s  and  gases   by  e lectrons  in   which  the  energy  of  a 

s i n g l e  quantum  of r a d i a t i o n  i s  impar ted   to   an   e lec t ron .   This   e lec t ron ,  

t h e n ,   e i t h e r   g e t s   e j e c t e d   f r o m  i t s  bound s t a t e   t o  become a f r e e   e l e c t r o n  

leaving  the  absorbing  a tom  or   molecule   in   the  ionized  ground,   exci ted,  

o r   d i s s o c i a t e d   s t a t e   o r   g e t s   t o  a h igher   energy   leve l   l eav ing   the  

atom o r   m o l e c u l e   i n   t h e   e x c i t e d   o r   d i s s o c i a t e d  state.  One can   a l so  

cons ider   o ther   p rocesses   where   the   inc ident   photon   ge ts   sca t te red  

without  change  in  energy,  the  most  important  of  these  being  the  resonance 

s c a t t e r i n g .  The exc i ted   neut ra l   molecule   o r   ion   resu l t ing   f rom  the  

absorpt ion  of  a vacuum u l t r a v i o l e t   p h o t o n  may decay   to   the   g round  s ta te  

by  the  emission of a long  wavelength  photon. Such  a process  i s  termed 

photon  induced  f luorescence.  The c r o s s   s e c t i o n   f o r   t o t a l   p h o t o  

abso rp t ion ,   pho to   i on iza t ion ,  and  f luorescence are l a r g e  enough to   be 

c o n s i d e r e d   i n   s e l e c t i n g   t h e s e  modes o f   i n t e r a c t i o n   i n   g a s e s   i n   t h e  

cons t ruc t ion   of  a s e l e c t i v e   d e t e c t o r   f o r   u s e   i n   t h e   w a v e l e n g t h   r e g i o n  

below 1 0 0 0 A .  We s h a l l   d i s c u s s   t h e   i n t e r a c t i o n   w i t h   g a s e s  and s o l i d s  

sepa ra t e ly .  

0 

In t e rac t ion   w i th   Gases  

I n   o r d e r   t o   d e a l   w i t h   t h e   i n t e r a c t i o n   o f  a photon beam wi th  a g a s ,  

one   t akes   recourse   to   the   Lamber t ' s  law, which r e l a t e s   t h e   c h a n g e   i n  

i n t e n s i t y  A I ( X >  of a photon beam o f   i n t e n s i t y  L(h), when passing  through 

an   absorp t ion   th ickness  ax, b y   t h e   r e l a t i o n  
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where p i s  a cons t an t  of p ropor t iona l i t y   and  i s  a p rope r ty  of t h e  

medium c a l l e d   t h e   a b s o r p t i o n   c o e f f i c i e n t  and i s  measured i n   u n i t s  of 

c m - l  i f  i s  measured i n  cm.  I n t e g r a t i n g   o v e r   t h e  ce l l  length  ( L f )  

one   ge t s  

where I ( X )  i s  t h e   i n t e n s i t y  of t h e  beam a t  t h e   e x i t  end of t h e   g a s  ce l l  

and I o ( X )  , t h e   i n c i d e n t   i n t e n s i t y .  The l eng th  of t h e  cell  (L ' ) reduced  to  

normal  temperature  (273Ok)  and  pressure (760mm) i s  given by 

L'= L (&) [y) 
Therefore ,  

If Beer's law, which states t h a t   t h e  amount of l igh t   absorbed  i s  

p r o p o r t i o n a l   t o   t h e  number of absorbing  molecules  through  which  the 

l i g h t   p a s s e s ,  i s  obeyed ,   then   the   absorp t ion   coef f ic ien t   can   be   wr i t ten  

as 

where no i s  the  Loschmidt's number = 2.687 x lo1' molecules/cm3  and Q 

i s  known as the   t o t a l   abso rp t ion   c ros s   s ec t ion ,   wh ich   one   mo lecu le  

p r e s e n t s   w i t h   r e s p e c t   t o   t h e   i n c i d e n t   r a d i a t i o n  and  has  the  dimensions 

of cn?. Hence t h e   t o t a l   a b s o r p t i o n   c r o s s   s e c t i o n   f o r  a monochromatic 

beam can  be  wri t ten as 

In  - 
U(A) = ( :;3 
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Here no assumption as t o  the mechanism  by  which t h i s  may occur i s  

involved. 

The va r ious  mechanisms  by  which  absorption may t ake   p l ace  are (i) 

photoionizat ion  ( removal   of  an e l e c t r o n ) ;  (ii) photodissoc ia t ion   of  a 

molecule   assoc ia ted  with i o n i z a t i o n ;  (iii) fluorescence  produced  by 

the decay  of   exci ted  or   ionized  molecules .  

I n  rare g a s e s ,  where the abso rp t ion  i s  ma in ly   due   t o   i on iza t ion ,  

one  can  measure  the  total  number o f   i on -pa i r s   p roduced   i n   an   i on  

chamber  by d iv id ing   t he   cu r ren t   p roduced   w i th   t he   e l ec t ron ic   cha rge ,  e. 

The c r o s s   s e c t i o n   f o r   p h o t o i o n i z a t i o n ,  Q- , i s  r e l a t e d   t o   t h e   t o t a l  

abso rp t ion   c ros s   s ec t ion  Q, by t h e   r e l a t i o n  
1 

Q = v u  ( 6 )  
i 

where 7 i s  the   photo ioniza t ion   e f f ic iency .   This   quant i ty   has   been  

found   t o   be   equa l   t o   un i ty   fo r  a l l  r a r e   g a s e s ,  H e ,  Ne, A ,  K r ,  X e .  

Hence ui = (T. I n  most o t h e r  cases Q. < Q. 

10 

1 

Using a many l ined  spectrum  obtained  f rom a high  vol tage  condensed 

s p a r k   d i s c h a r g e   i n  a g a s   f i l l e d   c a p i l l a r y   t u b e ,   W e i s s l e r  and  coworkers 

have  measured u and ui on   the   shor t   wavelength   s ide  of t h e   f i r s t  

ion iza t ion   th reshold .   S ince   then   there   has   been  a tremendous  improve- 

ment i n   t h e   l i g h t   s o u r c e s  and  measuring  techniques. More r e f i n e d  

observa t ions   have   s ince   been  made by Vodar and  coworkers'" i n  N, , CO, , 
C,H, and CH30H. Huffman e t  al,'" developed a he l ium  and   o ther   ra re  

g a s   c o n t i n u u m   l i g h t   s o u r c e s   f o r   p h o t o e l e c t r i c   s c a n n i n g   i n   t h e  vacuum 

u l t r av io l e t .   U t i l i z ing   t he   con t inuum  l i gh t   sou rce ,   t hey   measu red  

a b s o r p t i o n   c o e f f i c i e n t s  of ni t rogen,14 xenon  and  argon,15  carbon 

monoxide," Oxygen , 1 7  ac t iva ted   n i t rogen ,"   and  krypton'' i n   t h e  580 - 
llOOA region.  

11 

0 

Using  the  above  mentioned  helium  continuum  l ight  source,  Cook e t  a l ,  

measured   the   to ta l   photo   absorp t ion   and   photo ioniza t ion   c ross   sec t ions ,  

namely, a and q ,  f o r  N, , H, , and H p O Y a o  Ha and D, ,21 and 0, and 

N, .23 Metzger e t  al, us ing   t he  same techniques,  measured  both Q and ui 
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f o r  NO ,24 and  supplemented  the  f luorescence  intensity  measurements 

f o r  Q O ,  NH, , CH, , C,Ha, C3H, , and  These  and  previously 

ment ioned   au thors   revea led   very   c lear ly   the   au to ioniza t ion   leve ls  

between 2k‘1/2 and 2P3/2 i o n i z a t i o n  limits i n  a l l  t h e   r a r e   g a s e s .  

A l l  these  measurements  were  limited  between 5 8 0 A  and 1 1 0 0 A .  Watanabe26 

e t  a l ,  have   measured   ion iza t ion   po ten t ia l s  of some molecules  by  the  photo- 

i o n i z a t i o n  method in   the  photon  energy  range  f rom 800 - 1 6 0 0 A .  

I d s n t i t y  of the  most   loosely bound e l e c t r o n s ,   t h e   e f f e c t   o f   a l k y l  

s u b s t i t u t i o n ,  and the   re la t ionship   be tween  ion iza t ion   cont inua   and  

absorpt ion  bands are sugges t ed   fo r  some molecules.  

0 0 

0 

Very r ecen t ly ,   pho to ion iza t ion   and   pho to   abso rp t ion   c ros s   s ec t ion  

measurements of a l l  t h e  rare gases  and  few of the   a tmospher ic   gases  

have  been made by Samson in   the   wavelength   reg ion  below 1 0 0 0 A .  Using 

a high  vol tage  condensed  spark  discharge  in   argon  to   produce a many 

l ined   spec t rum,   he   has   measured   the   to ta l   photo ioniza t ion   c ross  

sec t ion   f rom  threshold  down t o  280A in  argon,2r  xenon,  helium,”’ 

and  observed new au to ion ized   ene rgy   l eve l s   i n   k ryp ton ,   a rgon ,  and 

xenon. 30 R e s u l t s   i n  Ne were  extended down t o  200A.31 Samson and 

Cairns  observed the p h o t o i o n i z a t i o n   c r o s s   s e c t i o n s   i n  0, and N, a t  

most i n t ense   so l a r   emis s ion   l i nes3”  and  measured the t o t a l   a b s o r p t i o n  

c r o s s   s e c t i o n s   i n  H,, 0, and N, 33 and i n  CO and CO, 3 4  between 550 

and 200A. Cairns  and Samson35 a l so   used   the   microwave   d i scharge   in  

a mixture  of H e  and 0, to  obtain  atomic  oxygen  and  measured i t s  

absorp t ion   c ross   sec t ion   be tween 900 and 5 0 0 A .  The abso rp t ion   c ros s  

section  measurements were measured  below  the  ionizat ion  threshold 

limit in   k ryp ton   and  xenon down t o  170A by  Rustgi e t  a l  .36 These 

r e s u l t s   w e r e   u t i l i z e d   i n  the ca l cu la t ions   o f  the o s c i l l a t o r  

s t rengths   which   agree  well w i th  earlier c a l c u l a t i o n s .   R u s t g i   a l s o  

measu red   t he   t o t a l   abso rp t ion   c ros s   s ec t ion   fo r   a rgon  and  methane37 

and   found  tha t   in   methane   the   c ross   sec t ion   d id   no t  become n e g l i g i b l e  

around 5 0 0 A  but  had a value  of  about 6 Mb belou 200A. Between 80 and 

600A, photo ioniza t ion   c ross   sec t ions   o f  Ne, H e ,  and Xe have  been 

measured  by  Ederer  and T o r n b o ~ l i a n ~ ~  y3’ and  by Lowry e t  a1.40 Madden and 

0 

0 
28  

0 

0 

0 

0 

0 0 

0 
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Codling,   us ing  cont inuum  radiat ion  f rom the 180 Mev e l e c t r o n  

synchrontron, have observed new au to ion iz ing  states i n  H e ,  N e  , A;41 
and K r  and Xe42 in   the   wavelength   reg ion   f rom 600A down t o  120A. They 

have   a l so   observed   the   inner  shell e l e c t r o n   e x c i t a t i o n   i n   n e u t r a l  K r  

and Xe as a f u n c t i o n   o f   ~ a v e l e n g t h . ~ ~   T a b l e s  1 through 7 l i s t  the 

va lues  of a b s o r p t i o n   c o e f f i c i e n t s   f o r  He, Ne, A, K r ,  X e ,  0, , N,, and 

H, as a funct ion  of   wavelength.   Figure 1 shows t h e   v a r i a t i o n   o f  o i  as a 

funct ion  of   photon  energy  for   xenon,   krypton,   argon,   neon,   and  hel ium. 

0 0 

Weissler e t  a1 ,44 u t i l i z i n g  a mass spec t rometer   in   conjunct ion  

with a vacuum u l t r a v i o l e t  monochrom,ator,  measured  (by mass ana lyses )  

the  products  formed as a resul t   of   photon  impact  and the  consequent 

d i s soc ia t ive   i on iza t ion   o f   mo lecu le s .   These   r e su l t s   have   been   ve ry  

va luab le   i n   a sce r t a in ing   t he   impor t ance   o f  the i r  r e l a t i v e   c r o s s   s e c t i o n s .  

Absorp t ion ,   ion iza t ion ,   and   ion   f ragmenta t ion   c ross   sec t ions   o f   hydro-  

carbon  vapors   including  e thane,   propane,   cyclopropane,   e thylene,  and 

acetylene  were  obtained by S ~ h o e n ~ ~   i n   t h e  wavelength  range  from 1400 

down t o  500A. The i o n i z a t i o n   c r o s s   s e c t i o n s   a t t a i n e d   p e a k s  near 16 ev 

in   a lkanes   and   nea r  17.5 ev i n   o l e f i n s .  Beyond the   peaks   t he   i on iza t ion  

e f f i c i e n c y  w a s  almost 100%. 

0 

The peaks   and   va l leys   in   the  mass a n a l y s i s  of pho to ion iza t ion  

products  of 0, have  been  associated  with  exci ted states of t h e   p a r t i c u l a r  

i o n .  To what   ex ten t   the   absorp t ion  of a p h o t o n   r e s u l t s   i n   f l u o r e s c e n c e  

can  be  estimated  by  looking a t  t h e   g a s   c e l l  a t  r i g h t   a n g l e s   t o   t h e  

i n c i d e n t  beam.  The equat ion  descr ibing  such a phenomenon i s  given  by 

0, + hu (20  ev)- 0, + e- (1 e v )  . I f  th i s  ho lds ,   t hen  the decay  from 

t h e   e x c i t e d  s ta te  o f   t he   i on ,  0, , t o   t he   g round   s t a t e  of t h e  same i o n  

0,, should  be  detectable  as f luo rescence   i n   t he   v i s ib l e   r eg ion   o f   t he  

spectrum. Such f luorescence   has   been   observed   in  a number of g a s e s   l i k e  

N, , 0, .46 I n   c o n t r a s t   t o   . o b s e r v a t i o n s   i n   a r g o n ,  where no f luo rescence  

was observed , both N, and 0, showed f luo rescence .   In  N, , t h e   f l u o r e s c e n t  

i n t e n s i t y   r e c o r d e d  by the   pho tomul t ip l i e r  shows t h e  same time v a r i a t i o n  

as the l i g h t   s o u r c e   p u l s e  of t h e   e x c i t i n g   r a d i a t i o n   ( n o   d e l a y )  , and i n  

O,, where   t he   f l uo rescen t   i n t ens i ty   pu l se  shows c o n s i d e r a b l e   d e l a y   i n  

+* 
+* 

+ 
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K 100.90  12.9  171.09  24.4  297.9 69 
104.81 11.6 173.01 24.7 308.4 80 
107.00 9.8 177.75 25.6 317.7  84 
110.48 9.8 181.21 26.0 323.2  85 
115.82 9.6 182.40 28.4 329.3  91 
116.38 9.9 184.04 31.6 338.1  95 
117.85 11.0 185.74 30.2 352.2  103 
118.97 11.2 188.44 32.1 357.5  108 
122.25 12.2 192.82 29.2 364.0  113 
124.58 12.8 195.95 32.7 368.4 117 
125.23 14.9 198.03 31.9 375.7 120 
126.06 13.4 200.68 32.1 382.1  124 
128,26 13.4 202.32 32.9 390.6 132 
129.83 13.3 203.86 32.7 394.0  133 
131.80 13.9 207.24 41.9 397.1  133 
132.28 14.2 207.79 40.2 400 .-3 134 
132.84 14.2 209.28 38.1 405.7 140 
133.35 14.4 213.09 37.8 410.6  143 
135.52 15.1 214.25 38.3 416.6 148 
138.07 15.4 215.20 39.4 423.3  156 
139.02 16.0 216.02 38.3 425. 5  157 
140.07 17.4 220.35 40.  5 429.7 157 
144.82 19.6 221.65 36. 5 436.5  160 
147.27 19.0 222.77 35.4 442.8  163 
151.51 19.0 223.78 36. 5 448.8  166 
153.94 22.6 225.20 38.6 452.0 167 
156.18 2 2 . 1  22:. 53 42.1 464.4  174 
159.36 2%. 5 231.20 42.7 473.6 180 
160.10 21.9 233.52 42.1 478.0  184 
162.47 22.3 246.20 44.8 482.0  185 
164.60 23. 5 247.60 44.8 489.3 19 1 
166.17 22.3 262.1 43 494.3 19 5 
158.08 23.8 283.1 60 498.4  196 
170.21 24.0 294.1 58 503.0  198 

504.26 
> .I_ 

”- 

~~ 
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0 

TABLE 2. NEON ABSORPTION COEFFICIENTS FROM .01 TO 44.6 A 

SHELL A A  
Experimental a Semiempirical 

P (cm- 5 p(cn1-l) 

K . O l  
.02 
.03 
.05 
.08 
.098 
. l o o  
.130 
.175 
.200 
.260 
.417 
.497 
.631 
. 7  10 
.880 

1.00 
1.235 
1.389 
1.54 
I .  934 
2.500 
3.57 
4.36 
5.17 
6.97 
8.32 
9.87 

13.37 
14.298 

"- 
" - 
"- "_ 

. 1 3 3 ~ 1 0 - ~  

.143 I' 

.166 " 

.189 " 

.243 " 

.522 " 

.837 I' 

1.62 " 

2.25 " 

4.09 " 

5.85 ' I  

11.16 " 

15.3 
21.6 " 

44.1 I' 

90 
2 47 
430 t I  

687 I t  

1554 I ,  

247 5 I 7  

3879 , I  

7650 t I  

"- 
"- 

1 1  

I ,  

"_ 

. 0 5 1 ~ 1 0 - ~  ref. b 

.071 

.084 

. lo2 

.121 It ll 

.131 ll 

I 1  

11 

I t  

"_ 
"_ 
-" 
"- "_ 
"- 
"- "_ 
"_ 
"_ 
-" 
"_ 
-" 
-" _" "_  
"_ 
"_ 
"_ 

2487. O O O X ~ O - ~  ref,  c 

7416 

"_  
"_ 

I I ?  

-" 

L 17.6 _. - - 971 I, t I  

21.7 I t  1 1  "_  1677 
23.7 r ,  "_ 2141 t I  

27.4 " - 32 18 I t  

31.6 "- 472  5 I t  I ,  

36.3 "_ 6876 I t  

44.6 11790 ,I 11860 1 1  I1  

1 1  

1t  

a Determined  from  the  mass  absorption  coefficients  compiled by S. J. M. Allen in  
A. H. Compton  and S. K. Allison,  X-Rays  in  Theory  and  Experiment, 
(D. VanNostrand Co., Inc. , N. Y. , 1935), p. 799. 

J. A. Victoreen, J.  Appl.  Phys. 20, 1141  (1949). 

C B. L. Henke, J.  Appl.  Phys. - 28, 98  (1957). 
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TABLE 2. NEON ABSORPTION COEFFICIENTS FROM 80 TO THRESHOLD (Continued) 

SHELL 

L 80. 57 67.2  260.45 236.0 
83.50 68.0  263.45 237.6 
85.32 74.3  266.95 230.0 
90.40 81.3  267.50 212.0 
96.58 71.3  277.30 206.6 
99.60 77.8  283. 50 216.0 

104.81 91.3 28%. 32 215.7 
110.48 100.4 283.1 224 
115.82 99.9 297.9 228 
117.85 102.3 329.3 236 
118.97 104.8 338.1 238 
129.83 118.8 352.2 241 
133.45 127.2 364.0 245 
135.52 129.1 368.4 243 
138.07 133.7 375.7 243 
150.01 152.6 382.1 2  42 
151.50 151.7 390.6 2  42 
159.36 160.9 394.0 241 
162.47 164.4 397.1 241 
164.60 164.2 400.2 243 
166.17 168.2 405.7 243 
168.08 170.1 410.6 243 
172.16 177.7 416.6 2  42 
173.01 183.1 423.3 2  42 
184.04 182.5 425.5 243 
185 ~5 187.0 429.7 2  42 
185.74 191.7 436.5 2  39 
192.82 191.2 442.8 240 
194.59 182.8 448.8 2 40 
195.95 195.8 452.0 2  39 
202.32 203.3 464.4 234 
203.86 200.1 473.6 231 
207.24 206.3 478.0 2  30 
209.28 204.7 482.0 228 
214.25 209.0 489.3. 22 5 
215.20 207.6 494.3 223 
218. 50 207.0 498.4 22 1 
220.35 217.6 503.0 2 18 
227.52 220.9 511.0 214 
228.00 213.0 516.1 2 12 
231.20 221.7 521.6 2  09 
233. 52 221.4 528.7 2 02 
238.47 222.2 541.4 198 
241.50 212.0 546.9 19 3 
243.02 220.0 553.5 188 
246.20 231.9 558.0 186 
247.60 230.9 561-6 185 
248.60 240.0 567.5 182 
251.50 225.0 573.5 168 
256.31 230.0 574.93 "_ 
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TABLE 3. ARGON ABSORPTION COEFFICIENTS FROM . 01 TO 44.6 A. 
- . .. 

Experimentala  Senliempirical 

SHELL A(& ,u(crn-l) p (cn1-l) 

K 

L 

. O l  

.02 

.03 

.05 

.08 

.098 

. 100 

.130 

.175 

.200 

.260 

.417 

.497 

.631 

.710 

.880 
1.000 
1.235 
1.389 
1. 540 
1.934 
2. 500 
3.  570 
3.870 

3.870 
4.360 
5. 170 
6.970 
8. 320 
9.870 

11.90 
13.3 
17.6 
21.7 
23.7 
27.4 
31. 6 
36. 3 
44.6 
50.6 

"_ 
"_ "_ 

"_ 
.437 f T  

.714 " 

.794 
1.510 I f  

5.260 ' I  

8.93 I '  

17.45 " 

23.2 '' 
42.9 I '  

62. 5 " 

111.0 " 

153.0 
211.0 " 

420.0 " 

846.0 " 

2160.0 " 

2610.0 " 

263.0 " 

360.0 " 

578.0 " 

1335.0 " 

2070.0 ' I  

3320.0 " 

5860.0 I '  

"- 

"- 
"_ 
"- 
"- 
-" 

81600.0 ' I  "- 

. 0 9 2 ~ 1 0 - ~  ref. b 

. 128 I '  

.153 

.190 

.247 f 1  

.293 I '  

I f  

11  

1 1  

f I  

"- 
I ,  

"- "_ 
"_ 
-" "_ 
"_ 
"_ 
"_ 
"_ 
_" 
_" 
-" 
"_ 
"- 
"_ 
"- 
"_ 
"_ 
"_ 
"- 
"_ 

2076. O O O X ~ O - ~  ref. c 
_" 

67  60 
12680 
19720 
24150 
33700 
45800 
61950 

"_ 
I I  1 1  

I I  1 1  

I t  , I  

1 1  I t  

, I  I 1  

I 1   I 1  

I f  I 1  

-" 
"- 

a Determined  from  the  mass  absorption  coefficients  compiled by S. J .  M. Allen  in 
A.  H. Compton  and S. K. Allison,  X-Rays  in  Theory  and  Experiment, 
(D.  VanNostrand  Co.,  Inc. , N. Y . ,  1935), p. 799. 

J. A. Victoreen, J.  Appl. Phys. 20, 1141  (1949). 

B. L. Henke, J. Appl. Phys. 28, 98  (1957). C 
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230 
264 
282.8 
297.8 
308.0 
317.3 
323.0 
329.0 
337.6 
351.0 
357.6 
363.8 
375.2 
381.6 
389.9 
393.3 
396.5 
399.3 
405.2 
405.7 
410.0 
411.5 
416.9 
417.6 
418.2 
418.8 
419.4 
420.0 
420.7 
421.3 
421.8 
422.4 
425.2 
425.8 
426.4 
427.0 
427.7 
428.3 
428.9 
429.5 
430.1 
430.9 
431.5 
432.2 
432.9 
433.7 
434.2 
434.5 
435.0 
436.0 

5.9 
33.5 
23 
47 
72 
98 

115 
143 
167 
233 
2 53 
285 
360 
382 
434 
42 6 
4 54 
466 
535 
520 
558 
562 
709 
7 34 
7 50 
7 69 
781 
790 
800 
767 
7 60 
738 
7 62 
7 67 
7 67 
790 
7 12 
7 64 
7 60 
7 52 
773 
798 
7 89 
7 87 
804 
7 82 
7 47 
692 
703 
7 42 

436.5 
436.7 
436.9 
437.5 
438.1 
438.8 
439.4 
440.0 
440.7 
441.3 
441.9 
442.1 
442.6 
443.2 
443.8 
444.2 
444.5 
445.1 
445.7 
446.4 
447.9 
449.8 
450.2 
450.8 
451.4 
452.1 
452.7 
453.3 
453.9 
454.5 
455.2 
455.8 
457.0 
457.6 
459.8 
462.2 
462,5 
463.1 
463.7 
464.4 
465.0 
465.6 
466.3 
466.6 
466.9 
467.6 
468.2 
468.7 
458.8 
469.5 

766 
770 
768 
770 
79  6 
794 
7 80 
7 68 
763 
7 57 
731 
7 12 
69  5 
673 
720 
773 
778 
796 
796 
796 
788 
7 87 
790 
808 
800 
808 
798 
8 17 
8 10 
810 
800 
790 
783 
7 80 
778 
768 
7 68 
7 80 
723 
6 69 
579 
49 2 
536 
6 19 
69 5 
822 
882 
900 
897 
9 00 

470.1 
470.8 
471.3 
474.0 
475.7 
479.4 
484.2 
486.8 
487.9 
492.5 
496.5 
499.4 
501.3 
505.8 
509.3 
512.1 
514.3 
517.5 
519.5 
521.9 
524.2 
526.7 
529.3 
532.0 
536.0 
539.3 
541.8 
544.9 
549.3 
551.4 
555.1 
558.8 
562.1 
564.6 
567.9 
570.4 
573.7 
577.0 
580.0 
583.0 
585.5 
588.9 
594.1 
596.7 
599.5 
603.4 
608.5 
610.0 
613.0 
614.8 

897 
9 00 
900 
9  12 
9 09 
900 
9 12 
9 12 
915 
915 
924 
926 
924 
936 
936 
945 
945 
9 52 
945 
9  64 
9  64 
9  64 
99 1 
978 
985 
971  
999 
973 
973 
985 
985 
985 
99 5 
981 
981 
981 
971 
978 
9  64 
978 
973 
990 
078 
978 
99 1 
99 1 
9 64 
973 
998 
99 1 

616.7 
618.8 
625.2 
629.8 
634.0 
637.0 
641.0 
644.1 
649.0 
651.0 
660.0 
662.7 
664.8 
668.3 
670.2 
675.2 
677.1 
680.5 
683.0 
684.8 
688.4 
692.8 
694.9 
700.0 
703.0 
705.4 
709.2 
713.7 
715.5 
718.4 
721.0 
724.8 
727.2 
735.6 
737.0 
739.9 
742.4 
744.6 
747.5 
751.1 
755.1 
760.6 
765.3 
767.3 
772.4 
774.6 
776.8 
779.7 
783.2 
787.6 

783 
981 
978 
973 
978 
964 
97 1 
971  
97 1 
97 3 
9 52 
97 1 
968 
956 
9 60 
924 
936 
945 
945 
945 
9 50 
9  40 
945 
9 15 
945 
934 
9 15 
9 12 
920 
9 40 
915 
900 
900 
883 
887 
906 
905 
890 
865 
845 
866 
856 
876 
830 
860 
8 52 
845 
627 
67 1 
364 
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TABLE 4. KRYPTON ABSORPTION COEFFICIENTS FROM .01 - .8 and at 44.6 
” 

”. - . - 
~ . ~~ 

” .  . i 
SHELL A 6 )  P(cm-5 P tcm-5 
.~ .. ~. ~ ~~ 

K .OlO ”- .183 x I O - ~  
~~. 

.012 ”- .201 It ’ 

.015 -” .227 It 

.020 ”- .263 If 

.025 -” .298 It 

.030 ”- .334 It 

.040 ”- .414 It 

.050 ”- .514 It 

.060 ”- .649 TI 

.080 ”- 1.037 I t  

.098 2.08 x 

.loo ”- 1. 64 It  

. 120 ”_ 2.50 I f  

.150 ”- 4.40 If 

.200 10. 8 I t  9.  56 ‘I 

.260  21 

.417 77 

.497  129 

.631  238 

.710  338 

.800 408 

.866 

”- 

I 1  

I f  

I t  

”- 

”- 

”- 

I t  

1 1  

1 1  

“_ 

”_ 

-” 

”- 

L 
M 

Determined  from  the  mass  absorption  coefficients  compiled by. S. J..M. Allen in A . H .  
Compton  and S. K. Allison,  X-Rays  in  Theory  and  Experiment, (D. Van Nostrand  Company, 
Inc., New York, 1935), p. 799 

J .A .  Victoreen, J. Appl. Phys. 2 0 ,  1141  (1949). 

”_ 

-” 

44.6 
”_ 

118000. 
”- 

If 
-” 

_i.- .. ”” .___.__ ~~~ . ~ ~ 

. - ~ ”” ~. . i = ~ ~ ~  ~~ - 

a 
~~ ~ 

~ ~~ 
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TABLE 4. KRYPTON ABSORPTION COEFFICIENTS FROM  THRESHOLD TO 280 i. (Continued) 

170 
230 
247 
265 
283.7 
294.'7 
298.5 
309.0 
318.2 
323.7 
327.0 
329.8 
338.5 
349.5 
352.6 
358.0 
364.4 
368.7 
376.0 
380.0 
382.4 
390.7 
394.0 
397.2 

7.6 
17.3 
47. 5 
65. 3 
73 
112 
106 
160 
169 
244 
202 
193 
193 
201 
291 
278 
256 
325 
305 
340 
333 
376 
374 
400 

405.7 
410.6 
416.6 
423.3 
425.5 
429.7 
436.5 
442.8 
447.3 
450.6 
462.8 
471.4 
474.4 
479.4 
487.2 
492.2 
496.3 
500.8 
508.8 

519.6 
526.7 
538.6 
545.4 

514:6 

435 
43 8 
42 8 
439 
435 
532 
498 
527 
549 
570 
591 
562 
634 
675 
695 
699 
483 
727 
785 
303 
81 5 
835 
877 
888 

400.3  449 - 

555.1 
564.6 
570.6 
586.0 
596.6 
609.8 
618.9 
625.6 
630.2 
636.6 
640.8 
644.6 
649.7 
660,. 6 
663.6 
671.1 
675.6 
685.0 
694.6 
700.6 
709.1 
714.1 
721.2 
725.6 

904 
92 3 
948 
972 
993 
1028 
1041 
1049 
1053 
1057 
1077 
1070 
1086 
1078 
1096 
1104 
1037 
1121 
1136 
1122 
1146 
1136 
1163 . 
1132 

736.8 
745.1 
748.1 
755.1 
760.4 
766.1 
772.7 
779.4 
783.1 
789.1 
795.6 
800.8 
814.6 
821.5 
827.4 
834.8 
840.1 
844.6 
850.4 
857.6 
870.3 
878.6 
883.6 

1118 
1116 
1107 
1154 
1151 
1169 
1180 
1157 
1176 
11 64 
1162 
1161 
1091 
1116 
1153 
1140 
1167 
1147 
878 
891. 
81 2 
1276 
488 
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TABLE 5. XENON  ABSORPTION COEFFICIENTS FROM .01-. 3 8, AND AT 44.6 8, 
~ ~~~ ~ ~~~ 

. ~~~~ 

Shell A (8) Experimental a Empirical b 

Lc(cm-5 d c m -  
.~ - .  ~." ~~ 

K . 010 -" .287 x 
.012 _" .318 It 

.015 "_ .366 " 

.020 "- .444 If 

.025 _" .536 

.030 -" .646 " 

.040 "- 0.946 If 

.050 "_ 1.39 

.060 "- 2.02 TI 

.080 "_ 3.94 

.098 8 . 2 ~ l O - ~  "_  

. 100 "_ 6.96 I t  

. 120 "_ 11.30 " 

. 150 "_ 20.65 I' 

. 175 31.3 " "_ 

.200 "_ 44.90 I t  

.250 _ "  81.40 

.300 "_ 129.50 I' 

.359 

I 1  

1 1  

"_ "_  
L 
M 
N 44. 6 

"_ -" -" 
-" "_ 

39500 I' 

"_ 
"_ 

a 
" ~ . 

Determined  from  the  mass  absorption  coefficients  compiled by S. J.  M. Allen  in 
A .  H. Compton  and S. K. Allison,  X-Rays  in  Theory  and  Experiment, (D. Van Nostrand 
Company, Inc. ,  New York, 1935), p. 799. 

I 

J. A .  Victoreen, J. Appl. Phys.  20, 1141  (1949) 
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TABLE 5. XENON ABSORPTION COEFFICIENTS  FROM 80 - 202 A. (Continued) 

A (1) d c m -  3 MI) (em- 

80.0 61  164.4 216 
83.6 68 166.3 203 
85.4 89 168.3 200 
90.3 175 171.1 152 
91.4 182 172.3 14 1 
96. 6 252 173.5 129 
97.3 253 178.0 127 
99.5 2 69 181.1 120 

101.0 403  182.0 114 
105.0 4 60 182.6 114 
106.7 4 60 184.0  95 
110.0 568  185.8  93 
116.5 730 192.9  61 
138.0 676  194.9 60 
139.2 622 195.9 60 
140.3 527 200.8 60 
145.0 483  202.3  58 
145.3 416  203.9 59 
147.5 446  207.9  53 
149.8 4  12  209.0 58 
151.5 410 213.0 67 
154.0 294 214.2 55 
156.2 3 29 215.1 52 
158.9 294 220.0 66 
162.4 a73 

TABLE 5. XENON ABSORPTION COEFFICENTS FROM  THRESHOLD T O  280 i. (Continued) - - 
p (cm-l) A&) p(cm-l) A($ fl  (em- Mi) I4cm-5  

284.0 78 416.6 194 515.4 486 638.6 97 1 
294.9 114 423.4 214 521.0 514 642.8 994 
298.7 96 425.8 219 528.1 5 37 646.1 1006 
309.0 149 429.9 236 534.2 558 650.8 1025 
318.7 153 436.6 253 540.7 594 661.8 1055 
324.1 129 442.8 246 546.3 640 665.9 1099 
330.2 98 447.5 260 552.9 661 672.6 1109 
338.7 94 451.2 270 557.1 667 677.2 1090 
352.8 124 461.3 294 560.4 620 686.3 1150 
358.3 181 463.6 299 566.3 684 696.2 1201 
364.5 147 466.6 302 572.4 627 701.7 1189 
369.0 189 473.1 336 588.0 81 8 710.4 1238 
376.1 150 477.4 351 590.4 759 715.6 1250 
382.6 178 482.0 365 595.6 283 722.1 1279 
330.7 185 488.9 359 595.7 800 726.3 1277 
394.2 217 493.8 394 597.8 819 738.5 1296 
397.5 202 497.8 367 611.5 890 746.8 1298 
200.5 198 502.7 434 620.5 921 756.4 1371 
405.7 169 506.8 443 626.8 932 762.2 1385 
410.6 185 510.3 463 631.7 945 769.1 1395 

- 
1 
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TABLE 5. XENON ABSORPTION COEFFICIENTS FROM THFtESHOLD TO 280 A. (Continued) 

776.3 1415 858.7 
781.6 1387 865.2 
784.9 1474 870.1 
796.4 1462 880.3 
802.3 1482 888.0 
805.1 1488 902.5 
823.0 1463 906.3 
828.5 1530 911.6 
836.0 1525 920.6 
845.7 1540 924.3 
851.5 1561 924.9 , 

1614 928.8  1129  975.0  650 
1607  935.2  1622  979.5 1121 
1633  938.5  1695  983.1  1466 
1664  941.6  1326  988.1  2240 
1661  943.5 1929 991.6  2495 
1656  946.9 883 996.1  3370 
1671 951.9  2466  1003.5  413 
1674  955.9  629  1008.5  420 
1684  959.6  1318  1015.6  782 
1443 964.4  2416 1018.5 937 
1392  969.5  1966 

_w 

TABLE 6. ABSORPTION COEFFICIENTS AND PHOTOIONIZATION  YIELDS OF 0, and N,. ** 
Source Line 

A (A) 

303.781 He II 
429.918 0 II 
430.041 0 11 
430.177 0 II 
434.975 0 m 
498.431 0 VI 
507.391 0 m 
507.683 0 l3I 
508.182 0 ID 
519.610 0 VI 
522.208  He I 
525.795 0 111 
537.024  He I 
553.328 0 IV 
554.074 0 N 
554.514 0 IV 
555.262 0 N 
584.331 He I 
597.818 0 ID 
599.598 0 ID 
608.395 0 IV 
609.705 0 IU 
609.829 0 N 
610.043 0 ID 
610.746 0 ID 
610.850 0 111 
616.933 0 IV 
617.033 0 IV 
617.051 0 II 
624.617 0 IV 
625.130 0 IV 
625.852 0 IV 

Oxygen 

l4cm- l )  q (%) 

446* 100 

480 * 100 

561  100 
6  19  100 

622 97 

638 97 
678  100 
561  99 
659 97 
571  98 
705 93 
685  97 
709 97 
698 97 
625 98 
774  92 
765 97 
648 94 

714 94 

764  96 

655  97 

681  93 
661 96 
8 14 96 

L z 

Cc(cm-l) d %  

326* 100 

5641' 100 

637 100 
652 100 

654 100 

598 100 
69 3 98 
635 97 
703 98 
678 97 
669 96 
680 93 
660 93 
666 95 
620 100 
629 97 
629 95 
630 100 

636 10 0 

626 99 

637 98 

645  97 
642 97 
644 98 

*Estimated error f 10% 
**J.A.R. Samson and 2.B. Cairns, J. Geophy. Res. 1 69 4583  (1964). 
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TABLE  6. ABSORPTION COEFFICIENTS AND PHOTOIONIZATION YEILDS 

Source  Line 

629.732 0 
684.996 N 
685.513 N 
685.816 N 
686.335 N 
758.677 0 
759.440 0 
760.229 0 
760.445 0 
761.130 0 
762.001 0 
763.340 N 
764.357 N 
765.140 N 
774.522 0 
779.821 0 
779.905 0 
787.710 0 
790.103 0 
790.203 0 
832.754 0 
832.927 0 
833.326 0 
833.742 0 

834.462 0 
835.096 0 
835.292 0 
921.982 N 
922.507 N 
923.045 N 
923.211 N 
923.669 N 
924.274 N 
972.537 H 
977.026 C 
989.790 N 
991.514 N 
991.579 N 

1025.722 H 
1031.912 0 
1037.613 0 

V 
III 
111 
m 
m 
V 
V 
V 
V 
V 
V 
III 
III 
IV 
V 
IV 
IV 
IV 
IV 
IV 
I1 
III 
II 
III 

II 
III 
rn 
IV 
IV 
IV 
IV 
IV 
IV 
I 
III 
III 
111 
m 
I 
VI 
VI 

OF O2 AND  N2. ** (Continued) 

Oxygen 

80 1 
709 

49 6 

594 
49 3 
463 

498 

547 
545 
604 
479 
615 
382 

733 
644 

744 

707* 

350* 

285* 

267 

148 
17 1 

272 

246 
480 
860 
10 7 
37 

47 

41 
28 

97 
100 

100 

100 
57 
53 

49 

51 
50 
58 
60 
54 
63 

33 

54 

37 

38 

39 

38 

37 

79 
84 

88 

90 
83 
83 
62 
69 

69 

64 
It 

21 0. It 

p (cm 1 a(%) -1 

6 52 97 
653 95 

670 95 

648 95 
643  75 
3  13  86 

531 57 

1077  55 
747 46 
734 80 
364*  69 

2295 77 
9 14 40 

344 65 

226 89 

610  45 
Variable 
See Text 0 

- " 

Variable 0 
See Text 

0 

0 

0 
0 

0 

0 
0 
0 

2.2 0 
4.5 0 

2.0 0 

0.027 0 
<o. 02 0 
<o. 02 0 

- .- 

*Estimated  error *lo% 
+Estimated e r r o r  + 50% 
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TABLE 7. 

Absorption  Cross  Section of Ha,  O2 and N2 
~ 

Wavelength Absorption  Cross  Section (10 cm ) -18 2 

H2  O2 N2 

0.2.66 

0.402 
- 

9.04 
10.6 
10.6 

6.46 209.3 
225.2 
234.2 

239.6 
247.2 
260.5 

0.439 
0.494 
0.579 

11.9 
12.3 

266.3 
283.5 
297.6 

0.638 
0.790 
0.949 

14.0 
15.2 
- 

10.5 
10.9 
11.5 

303.1 
314.9 
323.6 

1.02 
1 .12  
1.22 

16.3 
16.4 
16.7 

11.6 
12.4 
13.1 

335.1 
345.1 
358.5 

1.36 
1.51 
1.75 

16.8 
17.0 

- 

14.0 
14.8 
15.7 

362.9 
374.4 
387.4 

1.84 
2.04 
2.26 

17.5 
17.9 
18.5 

16.1 
17.3 
18.6 

428.2 
434.3 
452.2 

2.88 
3.02 
3.37 

19.4 
19.6 

- 

22.1 
22.4 
22.6 

463.7 
508.2 
512.1 

22.6 
22.8 
23.2 

- 
23.7 

- 

519.6 
522.2 
525.8 

25.2 
20.9 
24.5 

25.8 
23.6 
26.2 

537.0 21.2 25.2 
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Figure  1 Variation of CY for  He, Ne,  A, Kr  and Xe as a Function 
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compar ison   wi th   the   exc i t ing   l igh t   source   pu lse .   This   de lay  of f l u o r e s c e n t  

emission may be  connected with t h e   l i f e t i m e  of t h e   e x c i t e d   s t a t e  of t h e  

ion .  The threshold   o f   the   observed   f luorescence   could   be   cor re la ted  

w i t h  known e x c i t e d  states of the  corresponding  ions.  A s  i l l u s t r a t e d  i n  
F igure  2 ,  t h e   f l u o r e s c e n t   e f f i c i e n c y   i n  N, a p p e a r s   t o   b e   e s s e n t i a l l y  

constant   with  photon  energy a t  wavelengths  below  the  threshold down t o  

the   lowes t   ava i lab le   wavelength   o f  580A. O 4 7  

I 

PM-He-T2-26-Na 

0 & >  
PM-He-T2-26-Na 

z t  

Z W  
W Y )  
I - z  

I- - - 4  I- z 
S E  

- 0  5 5  N. = u  
W I -  
z 

I 
J 
U 

"--r 

"""A "" 1 c 

I I T I I -  
580 600  620 640 660 680 

"--r 

"""A "" 1 c 

I I T I 4  I -  
580 600  620 640 I 680 

WAVELENGTH (i) 661-231 621u I ( V ' = O )  

F i g u r e  2 P h o t o   E l e c t r i c   S c a n n i n g   R e c o r d  of N i t r o g e n   A b s o r p t i o n  at  
R e l a t i v e l y   H i g h   P r e s s u r e .   S u d d e n   D e c r e a s e  of Absorp t ion  
Beginning  at About  661 A I n d i c a t e s   F l u o r e s c e n c e  of N t. 2 

I n t e r a c t i o n   w i t h   S o l i d s  

The in t e rac t ion   o f   sho r t   wave leng th   e l ec t romagne t i c   r ad ia t ion   w i th  

s o l i d s  i s  bes t   ana lysed  by c o n s i d e r i n g   t h e   o p t i c a l  and p h o t o e l e c t r i c  

p r o p e r t i e s   o f   t h i n   f i l m s   a n d   s i n g l e   c r y s t a l s .   I f  R d e n o t e s   t h e   f r a c t i o n  

o f   t h i s   r a d i a t i o n   r e f l e c t e d   f r o m  a s o l i d  and T d e n o t e s   t h e   f r a c t i o n   t r a n s -  

mi t ted  by i t ,  then   the   rad ia t ion   absorbed ,  A, i s  r e l a t e d   t o   b o t h  R and 

T by the   equa t ion  

A = 1 - (R + T I .  
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Because   o f   the   h igh   energy   of   the   photons   assoc ia ted   wi th   the   e lec t ro-  

magne t i c   r ad ia t ion   o f   *wave leng ths   sho r t e r   t han  1000A, t h e   i n t e r a c t i o n  

i s  not   on ly   conf ined  with conduct ion   e lec t rons ,   which  are r e l a t i v e l y  

f r e e ,   b u t   e j e c t i o n   a n d   e x c i t a t i o n   o f   i n n e r   e l e c t r o n s  i s  p o s s i b l e .  On 

t h e   b a s i s   o f  f ree  e l ec t ron   t heo ry   o f   so l id s ,   one   de r ives   t he   conc lus ion  

t h a t  most  of the   so l ids   change   f rom a t o t a l l y   r e f l e c t i n g  medium t o  a 

p e r f e c t l y   t r a n s m i t t i n g  medium.48 Hence i t  would b e   p r o f i t a b l e   t o  

examine   t he   op t i ca l   p rope r t i e s ,   name ly ,   r e f l ec t ance  and t r ansmi t t ance  

o f   t h i n   f i l m s   i n  the wavelength  region  below 1000A. 

0 

0 

The f i r s t   s i g n i f i c a n t  measurements of r e f l e c t a n c e   o f  a l a r g e  number 

of materials were made by  Sabine.49 The samples were prepared i n   t h e  

form  of   f i lms  by  thermal   evaporat ion  in  vacuum. Reflectance  measure- 
ments  on A l ,  Sb, B e ,  B i ,  Cd,. C r y  Cu, AU, F e ,  P ~ Y  %,  Mo, Ni, Pd ,  P t ,  

Ag, Te ,  T i ,  Zn,  and Z r  f i lms  were made a f t e r   t h e   f i l m s  had  been  exposed 

t o  a i r  between  preparation  and  measurement. 

Reflectance  measurements on th in   f i lms   o f  A l ,  Sn, I n ,  B i ,  A u ,  Ag, 

and Cd were made by  Walker e t  a15' , in   the  wavelength  region  between 

1600 and 4 5 0 A .  The films were prepared   in   the   exper imenta l  chamber  and, 

hence, were not  exposed  to air  between  preparation  and  measurement. 

The r e f l e c t a n c e   v a l u e s  were found  to   be  higher   than  the ear l ier  measure- 

ments.  Rustgi e t  a151, co l l ec t ed   t he   r e f l ec t ance   measu remen t s   fo r   Sb ,  

T e ,  and T i  ove r   t he  same wavelength  interval.   Other  measurements 

inc lude   those   o f  Cox e t  a15", on  zinc  between 2 2 0 0 A  and 4 5 0 A ;  Hass and 

T o ~ s e y ~ ~  on A l ,  P t ,  and Rh i n d i c a t i n g   t h a t   t h e   r e d u c e d   r e f l e c t a n c e   o f  

A 1  i s  due to   ox ida t ion .   Impor t an t   s tud ie s   o f   t he   r e f l ec t ance  of evaporated 

l a y e r s  and s i n g l e   c r y s t a l s   o f  Ge, Si ,   Se,   and Te have   been   car r ied   ou t  

by R ~ b i n - K a n d a r e . ~ ~   M u l t i l a y e r   c o a t i n g s   o f  magnesium f l u o r i d e  and 

l i t h i u m   f l u o r i d e  on aluminum have  been  prepared  and  used  for   obtaining 

h igher   re f . lec tance   near  1 2 0 0 A  by  Berning55  and  Angel e t  a l?  Hunter57 

c a r r i e d   o u t  a sys temat ic   s tudy   of   the   degrada t ion  of h i g h   r e f l e c t a n c e  

m u l t i p l e   c o a t i n g s   w i t h  time i n  humid environments  and showed t h a t   t h e  

A 1  + Mg F, coa t ings  are unaf fec ted   whereas   the  A 1  + L i F  coa t ing   decreased  

0 

0 0 

0 
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by  about 25% i n  a few days.  A de ta i l ed   s tudy   o f   r e f l ec t ance   o f   f ew  

materials has been made by Madden.58 The use of  reflectance  measurements 

i n  the ca l cu la t ion   o f   op t i ca l   cons t an t s   has   been  amply  demonstrated 

by  Hunter e t  al ,59 Rustgi e t  a1 ,SO and Ehrenreigh e t  al. S ince   the  

r e f l e c t a n c e  i s  very much dependent   on  the  durat ion of evaporation  of 

the f i l m  and   the   p ressure  a t  which   evapora t ion   takes   p lace ,  i t  i s  n o t  

p o s s i b l e   t o   p r e s e n t  a l l  t h e   a v a i l a b l e   d a t a   i n  a graphical  form.  Moreover 

i t  h a s   n o t   b e e n   p o s s i b l e   t o   p r e p a r e   f i l m s   h a v i n g   h i g h   r e f l e c t a n c e   i n  

the  wavelength  region  below 1000A. 

6J. 

0 

Looking a t  the   t r ansmi t t ance  of v a r i o u s   o p t i c a l   m a t e r i a l s ,  i t  i s  

found  tha t  a l l  those   mater ia l s   which  are u s e f u l  as f i l t e r s   i n   t h e   v i s i b l e  

region  of   the  spectrum become opaque i n   t h e   n e a r  and f a r   u l t r a v i o l e t  

region  of  the  spectrum.  Table 8 shows the  t ransmission l i m i t  of a l a r g e  

number of m a t e r i a l s .  

TABLE 8 .  FILTERS FOR NEAR AND VACUUM ULTRAVIOLET 

Short  Wavelength L i m i t  of 

Transmission A 
0 

3050 
1900 
1780 
1700 
1600 
1600 
1550 
1420 
1415 
1400 
1270 
1220 
1050 

Material 

Window g l a s s  
Qu ar t z  
Corning  glass  9741 
Quartz 
C r y s t a l l i n e   q u a r t z  
Gypsum 
Q u a r t z   g l a s s  
Sapphire  
S y n t h e t i c   s a p p h i r e  
Barium f l u o r i d e  
S t ron t ium  f luo r ide  
Calc ium  f luor ide  
L i th ium  f luo r ide  

It  i s  clear t h a t  L i F  i s  t h e   o n l y  material which i s  capable   o f   t rans-  

m i t t i n g  down t o  1050A. I n  metals, the  plasma  f requency a t  which a s o l i d  

changes  from a p e r f e c t l y   r e f l e c t i n g  medium to  a t r a n s m i t t i n g  medium, 

cor responds   to   wavelengths   in   the   reg ion  below 1000A. Thin  unbacked 

fi lms  have  been  prepared  and  transmittance  measurements made on some 

0 
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films.  Walker e t  a15' o b s e r v e d   t h e   t r a n s m i s s i o n   i n   t h i n  films o f  A1 , 
Sn, I n ,  and B i  while Rustgi e t  a151 measured .the t r a n s m i s s i o n   o n s e t   i n  

T e ,  T i ,  and Sb. These measurements were extended  towards  shorter  

wavelengths   to   observe new abso rp t ion   edges   i n   Te ,  T i ,  Shy and  onset  of 

o p t i c a l   t r a n s m i s s i o n   i n  Be by  Rustgi.'" Other materials s t u d i e d   f o r  

t ransmission s o  f a r   i n c l u d e :  Pb  by  Walker;'3 C by Samson'"; C r  by 

Axelrod  and  Givens;65 Mg by  Kroger  and  Tomboulian;66  and  laser-deposited 

Ir by   Sam~on.~~Tornboul ian  e t  a168 measured   absorp t ion   coef f ic ien ts  in a 

l a r g e  number o f   so l id s   on   t he   h igh   ene rgy   s ide   o f   t he  M Z s 3  abso rp t ion  

edge.  Table 9 g ives   t he  limits of transmission  of a l l  materials  examined 

so fa r .  The t r a n s m i t t a n c e   c h a r a c t e r i s t i c s   i n   t h e   w a v e l e n g t h   r e g i o n  

below l O O O A  f o r  most  of  these materials are shown i n   F i g u r e s  3 and 4 

whi le   F igure  5 summar izes   the   t ransmiss ion   reg ion   for  a l l  materials as 

a func t ion  of photon  energy.  Table 10 shows the t ransmi t tance   o f   var ious  

f i l t e r  materials i n   t h e   s o f t   x - r a y   r e g i o n .  

0 

The p h o t o e l e c t r i c   y i e l d   o f  a l a r g e  number o f   s o l i d s  i s  known to   be  

very low , IO-* e l e c t r o n s / p h o t o n   i n c i d e n t ,   i n   t h e   v i s i b l e   a n d   n e a r  

u l t r av io l e t   r eg ion   o f   t he   spec t rum.  However, r e l a t i v e l y  few measurements 

e x i s t e d   b e f o r e  1950 i n   t h e  vacuum u l t r av io l e t   r eg ion   o f   t he   spec t rum.  

A sys t ema t i c   s tudy  on a few s o l i d s ,  N i ,  P t ,  and W w a s  c a r r i e d   o u t   b y  

Hinteregger7'   over  the  wavelength  region  from 2500 down t o  8 5 0 A .  More 

comprehensive  s tudies   were  reported by Walker e t  a17' , on ( N i ,  Cu, P t ,  Au, 

W ,  Mo, Ag, and  Pd)  over  the  wavelength  region  between 1400 and 4738.  

The samples were h e a t   t r e a t e d   b e f o r e  and during  measurement.  These  and 

o t h e r   r e s u l t s  were summarized by Weissler'l  i n  a comprehens ive   a r t i c l e .  

The subs t ance   o f   t hese   s tud ie s   i nd ica t e s   t ha t   nea r  1500A, the  photo-  

e lectr ic  y i e ld   sudden ly   i nc reases  by as much as th ree   o rde r s   o f  a 

magni tude   f rom  tha t   in   the   near  UV, i nd ica t ing   an   onse t   o f  volume  photo- 

e l e c t r i c   e f f e c t ,   a t t a i n i n g  a peak  value  near 9 0 0 - 8 0 0 A  and  then showed a 

s l i g h t   d e c r e a s e  a t  shor te r   wavelengths .   Subsequent ly ,   da ta  on photo- 

e l ec t r i c   emis s ion   were   ob ta ined   i n   t he  same wavelength  region  on 

f r e s h l y   e v a p o r a t e d   f i l m s   w i t h   a n d   w i t h o u t   b a ~ k i n g . ~ '  These f i l m s  were 

p repa red   i n  a vacuum of 5 x 10-5mm Hg pressure.   Recently,   Heroux et al72 

0 

0 

0 

0 
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TABLE 9. REGION OF TRANSPARENCY  IN THE VACUUM  UV 

Be 

C 

M g  

A1 

Si 

Ti 

650 >A>110 

560i > A >  4 4 H  

1100 > A  > 250 
840 >A>170 

700 > A > 130 
690 A >A>325 

Cr 500 >A>280 

Fe 900 >A>220 

co 

Ge 

In 

Sn 

Sb 

Te 

Pb 

Bi 

900 i >h>190 A 
750 A >A>400 and  380 >A>150 

1120 > A  >35 

900 > A  > 510 A 
825 >h>375 and 335 > A > > O O  A 

880 > A  > 310 
880 >A1700 

855 >A>525 500 >A>450 

and  450 > A >250 
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TABLE 10. FILTERS FOR SOFT X-RAYS* 

Transmission (%) at 

10 K 15  20 K 
20 

30 

30 

40 

40 

50 

50 

25 

18 

70 30 10 

32  5 

18 

10 

50 

at 36 A > 10% 

Material 

Zapon lacquer 

Cellophane 

Mylar 

Nylon 

Formvar 

Polystyrene 

Beryllium 

Polystyrene 

Formvar 

Aluminum 

Aluminum 

Beryllium 

Parlodian 

Parlodian 

Parlodian 

Thickness 

*U. Mayer,  Space  Sci  Rev. 3, 781 (1964) 
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have   r epor t ed   pho toe lec t r i c   y i e lds  of s o l i d s  and the e l ec t ron   ene rgy  

d i s t r i b u t i o n   o f   t h e   p h o t o - e m i t t e d   e l e c t r o n s   u s i n g  a p lana r   ana lyse r   ove r  

the  wavelength  range  between 1200 and  2508 . Samson73 has extended  the 

pho toe lec t r i c   emis s ion   da t a   on  aluminum  and i n d i c a t e d  i t s  dependence 

on ang le   o f   i nc idence ,   po la r i za t ion   o f   t he   i nc iden t   pho ton  beam. Duckett 

and M e t ~ g e r ~ ~  and N e ~ b u r g h ~ ~  have   ca r r i ed   ou t   pho toe lec t r i c   emis s ion  

s tudies   on   a lka l i   ha l ides   over   the   wavelength   range   cor responding   to  

the  photon  energies  between 6 and 22 e v ,   t h e   l a t t e r   u s i n g   r e t a r d i n g  

po ten t i a l   t echn iques .   Y ie lds  as h igh  as 70% were r e p o r t e d   i n  these 

materials. Excep t   fo r   Luk i r sk i i  e t  a l ,76 p r a c t i c a l l y  no d a t a  on photo- 

e l e c t r i c   e m i s s i o n   f r o m   s o l i d s   e x i s t s   f o r w a v e l e n g t h s  less than 200A. 

Cairns   and  have  recent ly   measured  the  photoelectr ic   yield  of  

A 1  f i l m s   b o t h   i n   t h e   f o r w a r d   d i r e c t i o n  and in   t he   back   d i r ec t ion   and   have  

shown t h a t   t h e   i n t e r f e r e n c e   e f f e c t s   a c c o u n t   f o r   t h e   d e t a i l e d   s h a p e   o f  

bo th   the   y ie ld   and   t ransmi t tance   curves   o f   th in   f i lms .  

0 

Based  on the  above  survey  of  various modes o f   i n t e r a c t i o n  of vacuum 

u l t r a v i o l e t   r a d i a t i o n   w i t h   g a s e s  and s o l i d s ,  i t  seems p rope r   t o   desc r ibe  

t h e   v a r i o u s   e x i s t i n g   d e t e c t o r s   o v e r  the wavelength  range  below 1600A 

and a n a l y z e   t h e   p o s s i b i l i t y  of extending  their   use   below 1000A. 

0 

0 

Review of   Exis t ing  Vacuum U V  Detection  Technology 

The   mos t   convenient   rad ia t ion   de tec tor   used   in   the  vacuum U V  region 

employs  an o rd ina ry   enc losed   pho tomul t ip l i e r   i n   con junc t ion   w i th  a r a d i a -  

t i on   conve r t e r ,   such  as sodium s a l i c y l a t e  (Na C, H, 0, l .  In   such   ca ses ,  

t he   p r imary   r ad ia t ion  i s  caus ing   the  sodium s a l i c y l a t e   t o   f l u o r e s c e ,  

producing  longer   wavelength.   radiat ion  centered  around 4100A which  can 

be  seen  through  the  glass  envelope  of an ord inary   photomul t ip l ie r   tube .  

78 

0 

Sea led   pho tomul t ip l i e r s  may a l s o  be  used i n  a way where  photo- 

e l e c t r o n s   o r i g i n a t i n g  a t  a vacuum U V  photocathode may be   acce le ra t ed  

t o   s u f f i c i e n t l y   h i g h   e n e r g i e s   t o   p r o d u c e  a l a r g e   b u r s t  of l onge r  wave- 

length  f luorescence  photons  f rom a s u i t a b l e   ~ c i n t i l l a t o r . ~ ’   T h i s  

s c i n t i l l a t o r  can  be  viewed  through  the  envelope of a sealed  phototube.  
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A t  t h e  Goddard  Space F l igh t   Cen te r ,  Dunkelmanso w a s  success fu l  

i n   o b t a i n i n g   p h o t o m u l t i p l i e r   t u b e s   w i t h   v a r i o u s  window materials and  photo- 

cathodes  of  higher work func t ion .   These   t ubes   u t i l i zed   t he  volume  photo- 

e l e c t r i c   e f f e c t ,   s e n s i t i v e   t o   r a d i a t i o n  below 3000A, and  hence  were 

i n s e n s i t i v e   t o   v i s i b l e   r a d i a t i o n .  ASCOP, a s u b s i d i a r y  of E l e c t r o -  

Mechanical  Research,  Inc.,  and RCA developed   these   so la r -b l ind   tubes  

us ing  CsTe, CsI fo r   t he   pho toca thode  material. 

0 

Hinteregger  ,81 working  with 

so l id s ,   deve loped   open   s t ruc tu re  

below t h e   c u t - o f f  of LiF , namely 

of  volume pho toe lec t r i c   emis s ion  

of  roughly  10-20%  near 800A. 
0 

t h e  volume photoe lec t r ic   emiss ion   f rom 

p h o t o m u l t i p l i e r s   s e n s i t i v e   t o   r a d i a t i o n  

1050A. Most s o l i d s   h a v e  a th re sho ld  

near  1500A, a t t a i n i n g  a maximum va lue  

0 

0 

0 
Another  type  of  detector  for  use  below 1OOOA i s  the  Bendix  res is tance 

s t r ip   magnet ic   photomul t ip l ie r   which  was developed  by  Goodrich  and  Wiley,8" 

f irst  suggested and  used by Hin teregger .   These   de tec tors  were repor t ed  

t o  be   ve ry   qu ie t ,   r e l a t ive ly   no i se - f r ee ,  and r e a d i l y   a d a p t e d   f o r   s p a c e  

appl icat ions.   Another   design  in   window-less  small pho tomul t ip l i e r s  

developed  by  Goodrich  and  WileyS3 i s  the  continuous  channel  photo- 

m u l t i p l i e r .   T h i s  i s  i n   t h e  form  of a hol low  glass   tube  with a h i g h l y  

r e s i s t i v e   i n n e r   s u r f a c e .  It has  an in t e rna l   bo re   d i ame te r   o f   s eve ra l  

t en ths   o f  a millimeter and a l e n g t h   t o   b o r e   d i a m e t e r   r a t i o   o f  - 50. A 

p o t e n t i a l   d i f f e r e n c e  of 1000-2000 v o l t s  i s  maintained  between  the  ends 

causing a c u r r e n t  on t h e   i n n e r   s u r f a c e .   T h u s ,   a n   a x i a l   e l e c t r i c   f i e l d  

i s  e s t a b l i s h e d  down the   l ength   o f   the   tube .  The i n i t i a l   e l e c t r o n  

produced  by a UV photon  cascades down t h e   l e n g t h  of the  tube  producing a 

gain  of lo5.  

Ano the r   s e r i e s   o f   de t ec to r s ,   u t i l i z ing   t he   pho to ion iza t ion  of gases  

and  vapors  and  transmission  cut-off of o p t i c a l   f i l t e r s ,  were developed. 

The f i r s t   s e r i e s  of   photon   counters   opera t ive   in   the   Geiger   reg ion  

u t i l i z e d   t h e   p h o t o e l e c t r i c   e m i s s i o n   c h a r a c t e r i s t i c s   o f   t h e   c a t h o d e  

material. Chubb and  Friedmana4  and later WatanabeS5  used these   coun te r s  

f o r   d e t e c t i o n   o f  U V  radiat ion  between 1050A and 2500A. E lec t ro -nega t ive  
0 0 

I 

1 

i 
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gases   i nc rease   t he   ca thode  work func t ion  and g rea t ly   r educe  by nega t ive  

ion   fo rma t ion   t he   p robab i l i t y   t ha t  a photo-e lec t ron  w i l l  i n i t i a t e  a 

count .   In   the   Geiger  mode of operat ion,   each  output   pulse   corresponds 

t o  an  incoming  photon,   the   amplif icat ion  taking  place  near   the  anode 

d u e   t o   e l e c t r o n   m u l t i p l i c a t i o n   i n   t h e   h i g h   e l e c t r i c   f i e l d .   T h i s  mode 

of ope ra t ion  i s  v e r y   u s e f u l   f o r  weak l i g h t   s i g n a l s .  A t  NRL and NASA, 

use  of these  counters   were  extended  to   include  measurements  of r a d i a t i o n  

below 1OOA by   r ep lac ing   t he   op t i ca l  window m a t e r i a l   w i t h   t h i n   m e t a l l i c  

f o i l s .  These metallic f o i l s   h a v e   t r a n s m i t t a n c e  a t  the  a tomic  absorpt ion 

edges. 

0 

Watanabe  extended  the  Geiger  type mode of o p e r a t i o n   t o   t h e   p r o p o r t i o n a l  

reg ion   where   the   ou tput   s igna l  was d i r e c t l y   p r o p o r t i o n a l   t o   t h e   i n t e n s i t y  

of the   r ad ia t ion .  The o p t i c a l   f i l t e r s  f o r  short   wavelength  cut-off 

were chosen  from L i F ,  CaF,, BaF, , sapph i re ,  and qua r t z .  

Ano the r   t ype   o f   coun te r   u t i l i z ing   pho to ion iza t ion   i n   gases  and no 

g a s   m u l t i p l i c a t i o n  was developed at t h e  Goddard  Space F l ight   Center .  

H e r e   t h e   p o s i t i v e   i o n s   a r e   c o l l e c t e d  by keeping   the   cen t ra l   wi re  a t  

ground  potential   and  the  chamber body a t  a p o s i t i v e   p o t e n t i a l   r a n g i n g  

from 20-100 v o l t s .  The t o t a l  number o f   i on  p a i r s  formed a r e   c o l l e c t e d ,  

g iv ing  a c u r r e n t   p r o p o r t i o n a l  t o  the  number of  photons.  These  counters 

have  since  been  commercially  produced  by  Geophysics  Corporation of 

America. The  most d e s i r a b l e   f e a t u r e s   o f   t h e s e   c o u n t e r s  are (i) high  

s p e c t r a l   s e l e c t i v i t y ,  (ii) high  quantum e f f i c i e n c y ,  (iii) compactness, 

and ( iv )  low electrical leakage.  These  counters were l i m i t e d   i n   t h e i r  

u se   on ly  by the   t r ansmiss ion  limit o f   t h e   f i l t e r  and  hence  could  not  be 

used  below the   cu t -o f f  limit of L i F ,  namely 1050A. A l i s t  of g a s   f i l l e d  

d e t e c t o r s   w i t h   s e a l e d   o p t i c a l   f i l t e r s  i s  p resen ted   i n   Tab le  11. 

a 6  

0 

Recently  si l icon  p-n  junction  photodiodes  have  been  exposed  to 

rad ia t ion   be low l O O O A  and  found to   have a f l a t   r e s p o n s e  down t o  584A, 

when o p e r a t e d   i n   t h e   z e r o - b i a s   p h o t o v o l t a i c  mode. 

0 0 
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TABLE 11. 

Wave Length 
0 

Range A 

1350 - 1480 
1230-1350 

1100- 1345 

1050-  1350 

1230-1290 

1050-1240 

1050-1180 

44-60 

44-55 

8-20 

8-16 

8 -14 
2-8 

2-8 

2-8 

2-20 kev 
(P ropor t iona l  

coun te r  1 

GAS FILLED DETECTORS  USING  OPTICAL FILTERS 

F i  1 l i n g  Gas 

Ne + e thyl formate  

NE 

N2 

A 

Ne + e thyl formate  

Xe 

Ne + CO, 

P r e s s .  

( t o r r )  

5 

20 

20 

4.5 
15 

4.5 

400 

400 

760' 

760 

760 

775 

37 

Window 

BaF2 

Cfla 
L i  F 

L i F  

C@, 
L i  F 

L i F  

Mylar (0.841 mg/cm2 1 

Mylar + A1 
(0.00625 mm + 0.211.) 
A1 (1.5 mg/c$) 

A 1  (2.8 mg/cn?l 

A 1  (4 mg/cm2) 

Be (21 mg/c$) 

B e  (24.4 ag/cn?.) 

Be (0.13 mm) 

Be (24.4 mg/cn?) 
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SECTION 111 

ANALYSIS OF VARIOUS MODES OF INTERACTIONS 

Having  descr ibed  the  var ious modes of i n t e r a c t i o n  of  vacuum u l t r a -  

v i o 1 e t . r a d i a t i o n   w i t h  matter and the   va r ious   t ypes   o f   de t ec to r s   cu r ren t ly  

a v a i l a b l e ,  we must  now consider   the  condi t ions  under   which  they map be 

modi f ied   and   used ,   the i r   l imi ta t ions   and   the   re la t ive  merits of   var ious  

a1 t e r n a t i v e s  . 
Tae various  parameters   to   be  considered are: 

(1) h i g h e s t   s e n s i t i v i t y  

(2 )  high  speed of response 

( 3 )  l i n e a r i t y  of response  over  a l a rge   s igna l   r ange  

( 4 )  r e j e c t i o n  of l o n g   w a v e l e n g t h   r a d i a t i o n   o r   i n s e n s i t i v i t y   t o  

longer  wavelengths 

Taking  each mode a t  a t i m e ,  one   no t ices- tha t   the   use   o f   thermo-  

couples or t h e r m p i l e s  as a d e t e c t o r  i s  no t   su i t ab le   because  i t s  response 

i s  very  slow  and  shows no r e j ec t ion   fo r   l ong   wave leng th   r ad ia t ion .  

Even though   t hese   de t ec to r s   a r e  presumed t o  have  a f l a t   s p e c t r a l   r e s p o n s e  

over  a w i d e   r a n g e ,   t h e i r   c a l i b r a t i o n   i n   t h e  vacuum u l t r a v i o l e t  i s  no t  

very  easy  to  perform. The photon   f lux   ou tput  of va r ious   l i gh t   sou rces  

i n   t h e  vacuum u l t r a v i o l e t   r e g i o n  i s  low  and hence  causes a low s i g n a l  

output   f rom  the  detector   only  observed by special e lec t ronic   ins t rumenta-  

t i o n .  

The photographic   emuls ion   techniques ,   a l though  sens i t ive   in   the  

vacuum u l t r a v i o l e t   r e g i o n ,   a l s o   s u f f e r   f r o m   t h e   f a c t   t h a t   t h e   a b s o r p t i o n  

coef f ic ien t   o f   the   emuls ion  i s  a func t ion  of the  wavelength and  hence 

makes i t  v e r y   d i f f i c u l t   f o r   c a l i b r a t i o n .  It has   a l so   been   no t i ced   t ha t  
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the   choice   o f   deve loper   and   the   dura t ion  of the  exposure  of   the  f i l m  

g ive  a b r o a d   b a s i s   f o r   s e l e c t i n g  a combina t ion   to   su i t   the   exper iment -  

al ist 's  needs,  making i t  all t h e  more d i f f i c u l t  the p rocess  of  extract- 

i n g   t h e   i n t e n s i t y   d i s t r i b u t i o n .  This technique  has  no r e j e c t i o n   t o  

long  wavelength  radiat ion.  

In   gases ,   one   f i nds   ve ry   sha rp   i on iza t ion   t h re sho lds ,   t he   c ros s  

s e c t i o n s   r i s i n g   t o   h i g h   v a l u e s   w i t h i n   a n   a n g s t r o m  (as shown i n   F i g u r e  1). 

The long   wavelength   re jec t ion  i s  very   l a rge .   S ince   each   gas   has  a 

d i f f e r e n t   t h r e s h o l d ,  a de tec tor   based   on   the   photo ioniza t ion   process   could  

be   very   d i scr imina t ive .   S ince   the   photo ioniza t ion   e f f ic iency  i s  one i n  

most o f   t h e   g a s e s   f o r  X < LOOOA, t h e  minimum f l u x   r e q u i r e d   f o r   d e t e c t i o n  

tr i l l  depend  upon t h e   a b i l i t y   t o   r e a d  low c u r r e n t s  and pho to ion iza t ion  

c r o s s   s e c t i o n   v a l u e s .   S i n c e  ui decreases  as X d e c r e a s e s   f o r  a l l  g a s e s ,  

excep t   fo r  Xe where i t  shows a peak  near 120A, t h e r e  i s  a good r e j e c t i o n  

f o r  X lOOA at  moderate   pressures .  

0 

0 

0 

Photon  induced  f luore 'scence  eff ic iency i s  small (of the   o rde r  of a 

few p e r c e n t ) ,   b u t  i t s  d e t e c t i o n   i n   t h e   v i s i b l e   a n d   n e a r  UV r eg ion  

should  not  be a problem.  Not much experimental   information i s  a v a i l a b l e  

at t h i s  time f o r   t h i s  phenomenon. It seems  worth-while to e x p l o r e   t h i s  

phenomenon a l i t t l e  more. 

Among the   pho ton- so l id   i n t e rac t ion ,   t he   r e f l ec t ance   o f  most 

materials, being less than 5%, i s  n o t   a m e n a b l e   f o r   u s e   i n   r a d i a t i o n  

de tec t ion .   Moreover ,   re f lec tance   increases  a t  longer  wavelengths 

and hence ,   can   no t   p rovide   any   d i scr imina t ion   for  X 7 1000A. 
0 

The t r a n s m i t t a n c e   o f   t h i n   f i l m s   p r o v i d e s   s t r o n g   r e j e c t i o n   f o r  

long  wavelength  radiat ion and i n c r e a s e s  as X decreases  below 1000A. 

The th re sho ld   o f   op t i ca l   t r ansmiss ion  (T > 0.1%) i s  v e r y   s h a r p   i n  most 

cases fol lowed  by  sharp  cut-off   l imits  a t  much shor te r   wavelengths .  

High t ransmi t tance   f i lms   can   be   p repared  and  used as f i l ters r a t h e r  

than  windows as par tofa   de tec t ion   sys tem.   Because   o f   the   inherent  

presence of p i n   h o l e s   i n   t h e s e   f i l m s ,   s t r o n g   r e j e c t i o n  of the  long 

0 
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wavelength   rad ia t ion  is  n o t   p o s s i b l e   e s p e c i a l l y  when one i s  l o o k i n g   i n  

t h e   s o l a r   d i r e c t i o n   u s i n g   s e n s i t i z e d   p h o t o m u l t i p l i e r   t u b e s .  However, 

a combination of t h i n  f i l m  and  Bendix photomul t ip l ie r   should   p tove  

q u i t e   u s e f u l .  

Volume pho toe lec t r i c   emis s ion   f rom  so l id s   has   t h re sho lds   i n   t he  
0 

vacuum u l t r a v i o l e t   r e g i o n   n e a r  1500A. Since  these  surfaces   can  be  used 

as pho toca thodes   i n  a photomul t ip l ie r   tube   where  a g a i n  of 106 i s  e a s i l y  

ob ta inab le ,   ve ry  low l igh t   l eve l   s igna l s   can   be   measu red .  

Curren ts   o f   the   o rder  of - amps are easi ly   measurable .  

Hence, t h e  minimum p h o t o n   f l u x   r e q u i r e d   f o r   d e t e c t i o n  lies i n   t h e  

neighborhood of 100 - 1000 p h o t o n s / s e c   p e r   s e n s i t i v e  area. The threshold  

of a t h i n  f i l m  as f i l t e r  and metallic photocathode i n  a Photomul t iP l ie r  

could  be s e t  a t  about lo3 - lo4 photons/sec.  

Because of t h e   n a t u r e  of  i n t e r a c t i o n  a t  th i s   sho r t   wave leng th  

ead ia t ion   w i th   gases  and s o l i d s ,   t h e   r e s p o n s e   o f   t h e   d e t e c t o r s ,   d e s c r i b e d  

i n   t h e   f o l l o w i n g   s e c t i o n ,  would  be faster than  1 m-second. Real time 

measurements  of  photons  between LOOOA and lOOA would  be  possible.  
0 0 
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SECTION IV 

SELECTION OF THE  MOST  PROMISING  INTERACTIONS 

From t h e   . a n a l y s i s   p r e s e n t e d   i n   t h e   p r e v i o u s   s e c t i o n ,  i t  i s  clear 

t h a t   i n   o r d e r  t o  select the most   p romis ing   in te rac t ions   for   measur ing  

p h o t o n   f l u x e s   i n   t h e  100 - lOOOA region  amenable   to   wavelength  resolut ion 

via a s e l e c t i v e  band detection  technique,  one  must  choose a combination 

of  a t h i n   f i l m   f i l t e r  and rare g a s   i o n  chamber. I n   a d d i t i o n ,  the use  of a 

t h i n   f i l m  as a f i l t e r  be   explored   in   conjunct ion   wi th   open   photomul t ip l ie r  

tubes   us ing   meta l l ic   photoca thodes .   F ina l ly ,   examinat ion   of   f luorescent  

r a d i a t i o n  as a func t ion   o f   i nc iden t   pho ton   f l ux   o f   va r ious   spec t r a l  

d i s t r i b u t i o n s   s h o u l d   h e  made as a p o s s i b l e  means f o r   s e l e c t i v e   d e t e c t i o n .  

0 

In   o rder   to   descr ibe   the   p roposed   de tec tor   based   on   the   above  

mentioned  most  promising  interactions,  w e  s h a l l  s tar t  with  the  fol lowing 

example. An a rgon   f i l l ed   con t inuous   f l ow chamber w i l l  be  capable  of 

converting  each  photon  between  7876  and 200A in to   an   i on -e l ec t ron  p a i r  

and a c t i n g   i n   t h i s   f a s h i o n  as a broadband  detector .  A t h i n   f i l m   o f  

indium has a t r ansmi t t ance  which begins  a t  1120A (0.1% transmission 

f o r  a l O O O A  t h i c k   f i l m )  and c u t s   o f f   r a t h e r   s h a r p l y  a t  the  N4,5 - edge 

near  740A and no t r ansmi t t ance  below 740A  down t o  100A. I f   t h e s e  

rare gas  continuous  f low  ion  chambers  were  to  be combined w i t h   t h i n  

f i lm   f i l t e r s ,   t he   de t ec to r ' s   wave leng th   r ange   can   be   compressed   i n to  

a very  narrow  region. 

0 0 

0 

0 

0 0 0 

In   genera l ,   the   long   wavelength  limit o f   t h e   d e t e c t o r  w i l l  be 

de te rmined   e i ther  by t h e   p h o t o i o n i z a t i o n   t h r e s h o l d   o f   t h e   f i l l i n g   g a s  

o r  by the   onse t   o f   t ransmi t tance  of t h e   f i l t e r  material, while  i t s  s h o r t  

wavelength  l imit  w i l l  depend  aga in   on   e i ther   the   photo ioniza t ion   c ross -  

s e c t i o n  of the f i l l i n g   g a s   o r  the f i l t e r   t r a n s m i s s i o n   c u t - o f f .   I n  
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the  example  mentioned  above,  the  effective  band-pass  reduces  to a 

bandwidth  of 47A between 740A and 7878. Table 12 l is ts  a set  of 

combinations of t h in   f i lms   and   gases   t o   be   u sed   i n   cons t ruc t ing   such  

d e t e c t o r s   r e s u l t i n g   i n  well defined  wavelength  ranges  over  which  measure- 

ment   of   photon  f luxes  are   possible .  

0 0 0 

A knowledge  of t h e   t r a n s m i t t a n c e   o f   t h e   f i l t e r  i s  e s s e n t i a l   i n  

determining  the  photon  f lux  impinging  f rom  outs ide.  The pho ton   f l ux  

e n t e r i n g   t h e   i o n  chamber i s  ca lcu la ted   f rom  the   ion   cur ren t   measured  

i n   t h e   i o n  chamber   under   condi t ions  of   saturat ion  where i t  i s  assumed 

t h a t  a l l  photons  are   completely  absorbed  and  converted  into  ion 

e l e c t r o n  pa i r s .  This i s  o n l y   p o s s i b l e  i f  t h e   g a s   p r e s s u r e   i n   t h e  

chamber i s  high enough to   absorb  a l l  photons i n  a small p a t h   l e n g t h .  

It  i s  a l s o   p o s s i b l e   t o   u s e  two ion   chamber- f i l t e r   combina t ions   in  

a b r i d g e   c i r c u i t   i n   o r d e r   t o   o b t a i n   n a r r o w e r   b a n d p a s s   d e t e c t o r s .  

S p e c i f i c a l l y ,  a (neon-aluminum)  and a (helium-aluminum)  chamber  have 

bo th   t he  same shor t   wavelength   cu t -of f  a t  170A, determined  by  the A 1  

f i l m .  However, their   long  wavelength limit i s ,  i n   t h e   c a s e  of neon- 

f i l l i n g ,  5788, and i n   t h e  case of helium, 504A. By carefu l   ad jus tment  

of a l l  parameters ,  a detector   between 5788 and 504A should  be  possible .  

0 

0 0 

0 0 

A fur ther   ref inement   of   such a detector   can  be  achieved by  making 

use   o f   the   f luorescence   caused  by vacuum u l t r a v i o l e t   l i g h t   i m p i n g i n g  

on  gases .  If an  ion  chamber, f i 1 l ed   w i th  0, , i s  combined with a t h i n  

f i l m   a h n i n u m   f i l t e r ,   t r a n s m i t t i n g  between 840A and 170A, then a 

"broad"   band   de tec tor   ac t ive   over   th i s   en t i re   wavelength   reg ion  has 

been   ach ieved .   In   o rder   to   nar row  th i s   reg ion ,   one   can  make use  of 

t h e  known f luo rescence   p rope r t i e s   o f  0, , as reported  by  Judge e t  a1 .87 

Even though 0, pho to ion izes   ove r   t he   en t i r e   r eg ion ,  i t s  f luo rescence  

occurs  a t  sha rp ly   de f ined   t h re sho lds   o f   t he   i nc iden t  vacuum u l t r a v i o l e t  

r a d i a t i o n ,  with a f i r s t  maximum at  700A and a second  one a t  650A. I n  

add i t ion ,   t he   wave leng th   ana lys i s   o f  this f luorescences7   has   revea led  

t h a t   t h e   f l u o r e s c e n c e  i s  e s sen t i a l ly   i n   t he   r eg ion   be tween  4000A and 

3000A d u e   t o   t r a n s i t i o n s  0, a e 0, X ,  when the   p r imary ,   exc i t i ng  

0 0 

0 0 

0 

0 " -t 
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TABLE 12.  93ME THIN FILMS - GAS COMBINATIONS AS VACUUM 

ULTRAVIOLET  DETECTORS 

Combination 

xenon  (1022 A) + In   (1120 A-740 A)  
0 0 0 

CO, 
K r  

CO 

A 

A 

A 

A 

A 

A 

A 

A 

Ne 

Ne 

He 

( 900 A )  + In  (1120  x-740 A )  

( 887 + In   (1120  i -740  8) 
( 885 A )  + In  (1120  x-740 A )  

0 0 

0 0 

0 
( 787 A! + In   (1120 A-740 A) 

0 0 

( 787 x) + Sn ( 9 1 1  A-510 A )  

( 787 A )  + B i  ( 855 A-510 A )  

( 787 x) + A 1  ( 840 A-170 x) 
+ In   (1120 A-740 A )  

( 787 A )  + Ge ( 747 A-520 A )  

+ Sn ( 911 A-510 A )  

( 787 x) + G e  ( 747  A-420 A )  

+ B i  ( 855 A-510 A )  

i 787 A )  + T i  ( 690 A-325 A )  

+ Sn ( 9 1 1  A-510 A)  

( 787 A )  + T i  ( 690 A-325 i) 
+ B i  ( 855 A-510 Ai 

0 0 

0 0 0 

0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 0 0 

0 0 

0 0 

0 0 

0 
( 578 A )  i- Sn ( 911 A-510 % 0 

0 
( 578 A )  + B i  ( 855 A-510 x) 
( 504 + A 1  ( 840  x-170 8) 

0 

Bandwi t h  
0 

280 A 

160 

147 i 
145 g 
47 A 

277 2 
277 A 

0 

0 

100 i 

237 A 
0 

180 A 
0 

0 
68 A 

337 A 
0 

RanPe 

1020 A-740 A 
0 0 

0 
900 A-740 

887  x-740 A 

885  x-740 g 
787 A-740 x 
787 x-510 

787 A-510 x 
840  x-740 

0 

0 

0 

747 A-510 
0 

0 0 
690 A-510 A 

0 0 
578  A-510 A 

0 0 
507 A-170 A 
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0 
r a d i a t i o n  i s  703A. 

f luorescence   occurs  
0 

\ 

I n   c o n t r a s t ,  when the   p r imary   r ad ia t ion  i s  630A, the 

i n  two d i s t i n c t  and   separa te   wavelength   reg ions ,  

0 

between 4000A and 3000A, as before,  and  between 5000A and 5800A. These 

two f l u o r e s c e n c e   r e g i o n s   c a n   b e   e a s i l y   s e p a r a t e d   b y   f i l t e r s   a n d   o b s e r v e d  

by a pho tomul t ip l i e r .   S ince   t he   f l uo rescence   e f f i c i ency  i s  of t h e   o r d e r  

o f   s eve ra l   pe rcen t ,  i t s  d e t e c t i o n   w i t h  a pho tomul t ip l i e r ,   p lus  f i l t e r  

combinations , p r e s e n t s  no ser ious   ins t rumenta t ion   problem.  Thus , the 

obse rva t ion  of f l u o r e s c e n c e   s i g n a l s   i n   c o n j u n c t i o n   w i t h   g a s - f i l l e d   i o n  

chambers   represents   another   a l te rna t ive   in   the   deve lopment   o f   rugged ,  

and r e l i a b l e   n a r r o w - b a n d   f a r - u l t r a v i o l e t   d e t e c t o r s .  

0 0 0 
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SECTION V 

APPARATUS AND EXPERIMENTAL  PROCEDURE 

The experimental   arrangement , as s h m n   i n   F i g u r e  6 ,  cons i s t ed  of 

a Seya-Namioka type vacuum monochromator,  employing a 1-meter   radius  of 

curva ture   concave   gra t ing   wi th  30,000 l ines   pe r   i nch .  A p u l s e   o f   l i g h t  

from  an e lec t r ic  spa rk   i n   t he   l i gh t   sou rce   pas sed   t h rough   t he   p r imary  

s l i t ,  S,, 0.1 mm wide,  and  traveled  through the a r m  of the monochromator 

t o  the g r a t i n g  G. There the beam w a s  d ispersed  and  consecut ive component 

wavelength,   hv,   passed  through  the  exi t  s l i t ,  g ,  a l s o  0.1 mm wide, by 

ro t a t ing   w i th   an   ex te rna l   mo to r ,  M y  t he   g ra t ing   abou t  a v e r t i c a l  axis 

pass ing   th rough  the   sur face  of t h e   g r a t i n g .  The vacuum u l t r a v i o l e t  

r a d i a t i o n   w i t h  a bandwidth of about 1 A  was t h e n   a v a i l a b l e   f o r   u s e   i n  t r a n s -  

mit tance  measurements   of   thin  f i lms and s p e c t r a l   r e s p o n s e   c h a r a c t e r i s t i c s  

o f   s e l e c t i v e   d e t e c t o r s .   I n   o r d e r   t o   m o n i t o r   t h e   i n t e n s i t y ,  a sodium 

s a l i c y l a t e   c o a t e d   g l a s s  window was placed a t  t h e   o t h e r  end of   the  

i o n i z a t i o n  chamber. The f luorescence   rad ia t ion   produced  a t  this window 

was then  measured  by means of  an EM1 9 5 1 4 - S  photomul t ip l ie r   tube .  

0 

The thermocouple   radiat ion  detector ,   Reeder  (RUV-5VC) was housed 

i n   t h e   e x i t  s l i t  assembly  of  the  monochromator  where i t  could  be  pulled 

i n t o  and o u t  of t h e   r a d i a t i o n  by a d j u s t a b l e  X-Y micrometer  screws  and 

provide   photon   f luxes  a t  t h e   e x i t  s l i t  of the  monochromator, 

The l i g h t   s o u r c e ,  shown i n   F i g u r e  7 ,  cons is ted   o f  a c a p i l l a r y   t u b e  

55 mm long  and 4 mm i n   d i a m e t e r   d r i l l e d   i n t o   o n e  end  of a b o r o n   n i t r i d e  

rod. The o t h e r  end  of t h i s   r o d  was d r i l l e d   t o   h o l d   t h e   h i g h   v o l t a g e  

e l e c t r o d e .  The over -a l l   d imens ions  of the  rod were 9" long  and 1.5" i n  

diameter .  The anode was made o u t  of a copper - tungs ten   a l loy ,   E lkoni te  

1OW3, and was 12 mm i n   d i a m e t e r   w h i l e  the cathode, made o u t  of t h e  
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Figure 6. Schematic  Diagram of a  One-Meter  Seya-  Type  Vacuum  Monochromator. 
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same a l l o y ,  and  placed  c lose  to   the  pr imary s l i t  w a s  made i n  the form of 

a c i r c u l a r   d i s c   h a v i n g  a h o l e   i n   t h e   c e n t e r .  Both the  anode  and  cathode 

were water coo led   and   o r i en ted   a long   t he   op t i c  axis. To prevent   gases  

f rom  the   l i gh t   sou rce   f rom  en te r ing   t he  main g r a t i n g  chamber, a d i f f e r e n t i a l  

pumping system was used  between  the  source  and  the  primary s l i t .  

To produce   rad ia t ion   shor te r   than  1000A, t h e   c a p i l l a r y   t u b e  was 
0 

f i l l e d   w i t h   e i t h e r   n i t r o g e n   o r   a r g o n  a t  a low pressure  of   approximately 

75 micron. A low inductance   capac i tor  of  about 0.11 F c a p a c i t y  was 

charged  to  a p o t e n t i a l  of 17,000 vo l t s   f rom a h igh   vo l t age  D . C .  power 

supply and discharged '44 t imes  per  second by  means of a WL 7703 i g n i t r o n  

switch.  The value of 44 cylces   per   second was chosen so as n o t   t o  

i n t e r f e r e   w i t h   t h e  60 cyc le   l i ne   f r equency   o r   any   o f  i t s  mul t ip l e .  Each 

s p a r k   p r o d u c e d   i n   t h e   c a p i l l a r y   t u b e   r e s u l t e d   i n  a l ine  spectrum  of  

c o n s i d e r a b l e   i n t e n s i t y .  One such  spectrum  using  ni t rogen  gas  i s  reproduced 

i n   F i g u r e  8. 

Preparat ion  of   Thin F i l m s  

Thin   f i lms   of   var ious  materials were prepared by  making use  of   the 

Speedivac  Coating  Unit Model 19E6/181  manufactured by  Edwards  High 

Vacuum Ltd. The 2" x 2" g l a s s   s l i d e s ,   u s e d  as subs t ra te ,   were   c leaned  

and coa ted   wi th  a th in   l aye r   o f   wa te r - so lub le   suga r -ae roso l   so lu t ion .  

Af t e r   t he   so lu t ion  w a s  d r i e d ,   t h e   s l i d e  was s u p p o r t e d   i n  a r o t a t i n g  work- 

ho lde r   r i ng   wh ich   i n   t u rn  i s  supported by th ree   equ i spaced   ba l l   r aces  

and i s  prevented  f rom  having  s ide  play by t h r e e  more equispaced  bal l   spaces .  

This   workholder   r ing had a height   adjustment   and was placed 16" above  the 

b a s e   p l a t e .  The thermal   evaporat ion  system  consis ted of a s i x - p o s i t i o n  

vapor   sou rce   t u r r e t   cons t ruc t ed   i n   coppe r   pe rmi t t i ng   cu r ren t   l oad ings  

up t o  400 amps. Heavy low vo l t age  and  grounding  brushes were i n  permanent 

con tac t  with t h e  rims o f   t h e   t u r r e t  L.T. and  ground p l a t e  t o  promote 

smooth ope ra t ion ,   f r ee   f rom  a rc ing .  The t u r r e t ,  which was supported on 

a s t u r d y   p l a t e  and pos i t i oned  4" above   the   base   p la te ,  was r o t a t e d  by 

an external  handwheel.   Evaporation was ca r r i ed   ou t   f rom a vapor  source 

pos i t ioned   ver t ica l ly   be low  the   per iphery   o f   the   workholder   r ing .  Each 

88 
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Figure 8. Line  Spectrum  From a Spark  Discharge  in  Nitrogen. 
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source was p o s i t i v e l y   r e g i s t e r e d   i n t o  the f i r i n g   p o s i t i o n  by a l e v e l  

mechanism  and  numbered l i g h t s   i n d i c a t e d   w h i c h   s o u r c e  was i n   p o s i t i o n .  

A vapor   sou rce   shu t t e r ,   ope ra t ed   ex te rna l ly ,  was p r o v i d e d   t o   s h i e l d  

the   aerosol   coa t ing   f rom  the   hea t   o f   the   evapora t ion   f i l ament   dur ing  

t h e   i n i t i a l   m e l t i n g   p e r i o d   i n   o r d e r   t o   p r e v e n t  i t  from  cracking  and 

contamination. A l l  evaporat ions were made a t  a pressure  of   approximately 

5 x 10-6 mm Hg and  completed  within  10-15  seconds. The s u b s t r a t e  was 

maintained a t  room temperature.  

Other   t echniques   o f   p repar ing   th in   unbacked   f i lms   were   t r ied  

which  would  have  produced r e l a t i v e l y  less contaminated  f i lms. The g l a s s  

s l i d e s  were coated  with a f r e s h   f i l m   o f  Victa Wet-35BY obtained  from 

Victor Chemical works ,   to   p rovide  a smoother   sur face   for   the   meta l  

f i l m  as compared to   t he   su r f ace   p rov ided  by an   ae roso l   so lu t ion .  NO 

apprec iab le   success  was a c h i e v e d   i n   f l o a t i n g   t h e  metal f i lms  f rom Victa 

Wet coa ted   g l a s s .  Next p re s sed   d i sc s  of ammonium chloride  were  used 

as a subs t r a t e   fo r   t he   me ta l l i c   f i lm .   These   d i sc s   were   p repa red   by   p re s s -  

i n g   t h e  powdered ammonium c h l o r i d e  a t  about 80,000 pounds  per  square 

inch  between  die   faces   which were o p t i c a l l y   f l a t  and  mirror   pol ished.  

It had  been  observed  that  ammonium chlor ide  can  be removed  by sublima- 

t i o n   i n  a vacuum when hea ted   t o  1 6 O o C  because of i t s  h igh   vapor   p ressure .  

In   our   experience,   the  ammonium ch lo r ide   d id   no t   d i sappea r   comple t e ly  

and l e f t  a brownish  color a t  the   f i lm   su r face .   Th i s   t echn ique  was 

eventually  abandoned. A t t e m p t s  were made t o   u s e  sodium  chloride as a 

subs t r a t e .   'Dur ing   f l oa t ing -o f f   o f   t he   f i lm ,   on ly   ve ry  small p i e c e s  were 

recovered  which  could  not  be  used. 

For   t ransmi t tance   measurements ,   the   th in   f i lms   were   p icked  up on 

holders   having  a - " diameter   hole .  The same f i l m   h o l d e r  was a l so   u sed  

when the  f i l m  ac t ed  as a f i l t e r   f o r   t h e   p r e l i m i n a r y   s e l e c t i v e   d e t e c t o r  

using small g l a s s   c a p i l l a r y   t u b e s .   I n   o r d e r   t o   u s e   t h e s e   t h i n   f i l m s  

as f i l t e r s  as well as windows i n   t h e   s e l e c t i v e   d e t e c t o r ,   t h i n   m o s a i c  

bo ros i l i ca t e   g l a s ses ,   ob ta ined   f rom  Mosa ic   Fab r i ca t ion   Inc . ,   were   u sed  

as suppor t s   fo r   t he   f i lms .  

16 
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Thin aluminum f i l m s  were prepared by evaporat ing A1 of  99.999%  purity 

from a three-s t rand   tungs ten   he l ica l   co i l .   Smal l   p ieces   o f  aluminum wire 

were hung  from the w c o i l .  Bismuth (obtained  from J. T. Baker  Chemical 

Company, and  of 99.95% p u r i t y )  w a s  evaporated  from a tungs ten   boa t  as 

w e l l  as a molybdenum boat   while   indium  (obtained  f rom Kern  Chemical Company, 

and  of  99.9999% p u r i t y )  was evaporated  successful ly   f rom a molybdenum 

boat .  F i l m s  of  antimony  (obtained  from A. D. Mackay Incorporated,   and of 

99.999% p u r i t y )   c o u l d   n o t   b e   f l o a t e d   o f f   s u c c e s s f u l l y   i n   o n e   l a r g e   p i e c e ,  

when evaporated  from a molybdenum boat .  I t  was observed that t h e s e   f i l m s  

d i d   n o t  show electrical c o n t i n u i t y  when t h e   f i l m   t h i c k n e s s  was less than 

5OOA. The surface  appearance  of   the f i l m  was a lso   mi lky  i n  n a t u r e  compared 

t o  a s i lve ry   appea rance   ob ta ined   i n   o the r   evapora t ion  chambers. I t  was 

s u s p e c t e d   t h a t   t h e   s o l i d   b a s e   p l a t e   d i d   n o t   p r o v i d e   s u f f i c i e n t  pumping 

speed   dur ing   mel t ing   and   evapora t ion .   This   def ic iency   in  Pumping 

speed was overcome by c u t t i n g  two 3" d iame te r   ho le s   i n   t he   base   p l a t e  

benea th   the   evapora tor   co i l .  I t  was a l s o  f e l t  that  the  antimony  atoms 

had l a r g e   m o b i l i t y  and a tendency  to  cluster  around  small r e g i o n s .  

0 

Titanium  and chromium both  were  successful ly   evaporated  f rom a tungsten 

boat .   Only  t i tanium  (obtained  f rom A .  D. Mackay Incorporated,  and having 

99.99% p u r i t y )   f i l m s  were s u c c e s s f u l l y   f l o a t e d   o f f   i n  water and  picked 

up on   mosa ic   g l a s s   fo r   u se   i n   s e l ec t ive   de t ec to r s .  On the  other   hand,  

chromium f i lms   could   no t   be   f loa ted   o f f   in   one   l a rge   p iece .   Ef for t  was 

then made t o   u s e  aluminum and t i t an ium  f i lms  as a s u b s t r a t e   f o r   t h e  chromium 

f i lm .   In   each   ca se   e i the r  chromium acted as a reducing  agent  causing 

pa tch iness   i n   t he   compos i t e   f i lm   o r  made the   composi te   f i lm  cur l  

up on i t s e l f .  Using op t i ca l ly   po l i shed   qua r t z  as a s u b s t r a t e   f o r  t i t a n i u m  

p l u s  chromium f i lm   d id   no t   improve   t he   f i lm   qua l i t y .  The th i ckness   o f  

most of the   f i lms   used  was measured by  means of a Tolansky   in te r fe rometer .  

Radiation  Thermocouple  Measurements 

The Reeder (RUV-5VC) thermocouple  consisted  of two a c t i v e   j u n c t i o n s  

i n   s e r i e s   w i t h   o p p o s i n g   p o l a r i t y .  Each j u n c t i o n ,  when i n d i v i d u a l l y  

exposed t o   v i s i b l e   l i g h t ,   g a v e   a n  electrical  output   s igna l   which  w a s  of  

oppos i t e   s ign .  However, when both  junct ions  were  exposed  to  the same 
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l i g h t  beam s imul t aneous ly ,   t he   ou tpu t   s igna l   i nd ica t ed   t he   a lgeb ra i c  sum 

of t h e  two. The r e s i s t a n c e s   o f   t h e  two j u n c t i o n s  were measured t o   b e  

9 61 and 20 . By exposing the two   j unc t ions   t o  a 5 microsecond 

whi t e   l i gh t   pu l se   f rom a St robotac   type  GR 1531-A l i g h t   s o u r c e ,   o p e r a t -  

i n g  a t  10 pulses   per   second,  a peak  output   s ignal   of  50 microvo l t s  

was observed on an   osc i l loscope .  A rise time of 1 mill isecond and a h a l f  

vol tage  decay time of 5 m i l l i s e c o n d s   ( i n  a i r )  was also  observed on t h e  

osc i l loscope   and  i s  shown i n   F i g u r e  9 .  

1 MILLISECOND 

Figure 9. Thermocouple  Output  for a 5 Microsecond White Light   Pulse .  

I n  o rde r   t o   mon i to r   t he  low leve l   s igna l   ou tput   o f   the   thermocouple  

by means of the  synchronous  amplif ier  Model 103M b u i l t  by Brower 

Laborator ies   which  amplif ied  s ignals   only a t  11 cps ,  some mod i f i ca t ions  

were   r equ i r ed   i n   t he   ope ra t ion   o f   t he   l i gh t   sou rce .  The p u l s e   c o n t r o l  

u n i t  w a s  modified so tha t   t he   l i gh t   sou rce   cou ld   be   ope ra t ed  a t  11 c p s  and 

capable   o f   be ing   t r iggered   f rom  an   ex terna l   source .   Opera t ing   the  

l i g h t   s o u r c e  a t  t h i s   f r e q u e n c y   r e s u l t e d   i n   a n   o u t p u t   s i g n a l   o f  0.6 

microvol ts   f rom  the  thermocouple   for   the  zero  order   spectrum at  a SIN 

r a t i o  of 3 .  S i n c e   t h e   i n t e n s i t y   i n   t h e   f i r s t   o r d e r   s p e c t r u m  i s  roughly 

100 t o  1000 t i m e s   l e s s   t h a n   t h e   i n t e n s i t y   i n   t h e   z e r o   o r d e r ,  a major 

improvement was needed i n   s i g n a l   t o   n o i s e   r a t i o .  Using a break   before   the  

make-type  e lectr ical   chopper   to   reverse   the  thermocouple   output  a t  11 cps 
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w h i l e   t h e   l i g h t   s o u r c e  was pulsed a t  44 cps,  w e  were a b l e   t o   i n c r e a s e  

the s i g n a l   t o   n o i s e   r a t i o   t o  20, which was a l s o   n o t   s u f f i c i e n t   t o  

r e g i s t e r  the f i r s t   o r d e r   s p e c t r u m .  

Another   approach  to   monitor   the  output   of   the   thermocouple   resul t -  

ing  from  the  scanned  spectrum was made by o p e r a t i n g  the vacuum u l t r a -  

v i o l e t   l i g h t   s o u r c e   i n  the p u l s e   b u r s t  mode a t  a 11 c p s  b u r s t  rate.  The 

number o f   pu l se s   pe r   bu r s t   va r i ed   f rom 1 t o  5. The o b j e c t i v e  was t o  

success ive ly   add   ( i n t eg ra t e )  a l a r g e  amount o f   l i g h t   r a d i a t i o n  by the 

thermocouple i n  a r ap id  series of  pulses  and  then l e t  the  source  and 

the thermocouple  cool down b e f o r e   s t a r t i n g   a n o t h e r  series of l i g h t  

p u l s e s ,  as shown i n   F i g u r e  10. T h i s   s h o u l d   r e s u l t   i n  a l a r g e  11 c p s  

fundamental   output  from  the  thermocouple  which  could  then  be  amplified.  

To accomplish this  mode o f   ope ra t ion ,   t he   pu l se   gene ra to r   i n   t he  

l igh t   source   sys tem was mod i f i ed   t o   ope ra t e   i n  two modes: ( a )  f i x e d  

rate 44 p p s ;  (b )   pu l se   bu r s t   w i th   va r i ab le  number o f   p u l s e s   p e r   b u r s t  

and burs t   ra te   synchronized   wi th   the   synchronous   ampl i f ie r .   In   the  

l a t t e r  mode, t h e   b u r s t   r a t e  was c o n t r o l l e d  by a 0 - 20 v o l t   n e g a t i v e  

waveform. T h i s  waveform w a s  in   turn  synchronized  with  the  synchronous 

a m p l i f i e r   r e f e r e n c e   s i g n a l .  The number of   pulses   could  be  control led 

from 1 t o  5 p e r  square wave i n p u t .  The f i r s t   p u l s e  of   the   burs t  

occurred a t  a higher   vol tage  than  subsequent   pulses   because  of  time 

c o n s t a n t   l i m i t a t i o n s   ( F i g u r e  10). Replacing Model 103M wi th  an  improved 

vers ion  of   the  synchronous  amplif ier  Model 129  he lped   e l imina te  

considerably  the  noise   pick  up.  The  p r e - a m p l i f i e r  components  were 

a l l  RF sh i e lded .  A l l  t he   i npu t s   t o   t he   p reampl i f i e r   and   t he   ou tpu t s  

of the   ampl i f ie r   to   the   osc i l loscope   were   p rovided   wi th  LC f i l t e r s  

t o  keep  the RF p i c k  up f rom  en ter ing  the preamplif ier .   Values   of  L 

and C used i n   t h e  

THERMOCOUPLE 

f i l t e r   d e s i g n  are shown below. 

22pH 

22pH 
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SYNCHRONOUS AMPL. 
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, 

/ 
\ 

\ / I DOTTED  LINE SHOWS 11 CPS ‘1 - - ”’ 
FUNDAMENTAL  SIGNAL COMPONENT 
FROM INTEGRATED  SIGNAL  FALLING 
ON RADIATION  THERMOCOUPLE. 

$-PO MILLISECONDS 1 
Figure 10. Light  Source  Input  and  Predicted  Thermocouple  Output. 



Both   the   p reampl i f ie r   and   the   ampl i f ie r  were p l aced   i n s ide  a 

doubly  shielded  cage  and  thus  the  noise   level  was reduced  to 4 nv  while 

the Light   source was ope ra t ing  and the shut ter   between the l i g h t   s o u r c e  

and the  thermocouple was closed. The b e s t   i n t e g r a t i o n  time used i n   t h e  

measurements was 3 seconds.  The  response was noisy   wi th  1 second 

i n t e g r a t i o n  time and  too  s luggish with 10 seconds. The synchronizat ion 

did  not   change  while   the more s e n s i t i v e  scales were used   fo r  low l i g h t  

level   s ignal   measurements .  By ope ra t ing   t he   sou rce  a t  an 11 cps  b u r s t  

r a t e  w i t h  4 p u l s e s   p e r   b u r s t ,  a trace of  the  spectrum w a s  obtained  which 

i s  reproduced i n   F i g u r e  11. The l o w e s t   l i g h t   l e v e l   s i g n a l   r e c o r d e d  by 

th i s   sys t em appea r s  to   be  10 nv  and  corresponds  to   radiat ion  of  555 A. 

Other more i n t e n s e   l i n e s  of higher  wavelengths  are  recorded a t  less 

s e n s i t i v e  scales. A t  least i t  was shown that the e l ec t ron ic   sys t em 

o f   o p e r a t i n g   t h e   l i g h t   s o u r c e   i n   t h e   p u l s e   b u r s t  mode and the  thermocouple 

amplif ier   system, when p rope r ly   sh i e lded ,   gave  r ise  t o   s i g n a l s  which 

a r e   r e a d a b l e .  

0 

After   the  radiat ion  thermocouple   output   had  been  recorded,  i t  was 

cons ide red   des i r ab le   t o   mon i to r   t he   l i gh t   i n t ens i ty  by the   pho tomul t ip l i e r  as 

well  as the  ion  chamber.   Figure 12 shows t h e   p h o t o m u l t i p l i e r   o u t p u t   ( i n   a r b i t r a r y  

u n i t s )  as a func t ion  of p u l s e s   p e r   b u r s t .  Also shown is  the  t i m e  averaged 

c u r r e n t  a t  the  power supply   in   mi l l iamperes .   F igure  13 shows a n   i n t e r e s t i n g  

p rope r ty  of t he   pu l se   bu r s t  mode of   opera t ion  of t h e   l i g h t   s o u r c e :   t h e  

maximum ou tpu t  a t  a given number of p u l s e s   p e r   b u r s t  i s  obtained a t  the 

minimum possible   temporal   spacing  between  pulses .  

Cons t ruc t ion  of  t h e   S e l e c t i v e   D e t e c t o r  

The des ign   o f   t he   s e l ec t ive   de t ec to r  was conce ived   a f te r   p re l iminary  

r e s u l t s  were obtained  f rom  the  laboratory  model ,  shown i n   F i g u r e  14. 

Thin   f i lms  mounted i n   t h e   r o d ,  T ,  which w a s  a t t a c h e d   t o   t h e   e x i t - s l i t  

assembly  of  the  monochromator,  were  brought  into  or out of the l i g h t  

beam. The i o n  chamber assembly was provided  with a s e p a r a t e  pumping 

system  to   evacuate  i t  and a l eak   va lve   t o   con t ro l   t he   f l ow  o f   va r ious  

g a s e s .   I n   o r d e r   t o  limit t h e  flow of  gases  from  the  ion  chamber,  a 
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Figure  11  Trace  Showing  the  Output of Reeder   Thermocouple  as a Function of Wavelength  (Cont'd) 



Figure  11 T r a c e  Showing the  Output of Reeder   Thermocouple   as  a Function of Wavelength 



@ PHOTOMULTIPLIER  OUTPUT 
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’ PULSES PER BURST 

Figure 12. NSL R-1  Source  Light  Output  as 
a  Function of Pulses  Per  Burst. 
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TIME  BETWEEN  BURSTS 
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Figure 13. NSL R-1  Source  Light 
Output  as a Function 
of Temporal  Spacing 
of Pulses. 
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Figure 14. Labora!ory Model of the  Selective  Detector. 



b r a s s   p l a t e   f i t t e d  with f i n e   g l a s s   c a p i l l a r y   t u b e s ,  shown i n   F i g u r e  15a, 

was in t a l l ed   be tween  the i o n  chamber  and the t h i n   f i l m   h o l d e r .  The 

c a p i l l a r y   t u b e s ,   1 2 . 5  mm long   and   having   an   ex terna l   square   c ross   sec t ion ,  

400 microns  on a s i d e ,  were p l a c e d   s i d e   b y   s i d e   i n  a r e c t a n g u l a r   s l o t  

5 mm by 0.5 mm i n  dimension. The ins ide   o f   these   tubes   p resented  a 

c i r c u l a r   c r o s s   s e c t i o n   w i t h  a diameter  of 250 microns. The al l ignment  

of   these   tubes  w a s  accomplished  by  monitoring  the vacuum u l t r a v i o l e t  

r ad ia t ion   f rom  the   ex i t  s l i t  as i t  passed  through them so t h a t   t h e   s i g n a l  

was amaximum. Kasil (Potass ium  s i l i ca te   base   cement )  w a s  used i n  bonding 

these  tubes  which was la ter  on h e a t   t r e a t e d   t o   e l i m i n a t e  any r e s i d u a l  

moisture .  

The i o n  chamber with a p res su re   o f  2 x mm Hg d i d   n o t   r e g i s t e r  

a n y   s i g n a l   w h i l e   t h e   g r a t i n g  was set fo r   t he   ze ro   o rde r   spec t rum.  With t h e   i o n  

chamber cut-off  from pumping  and maintaining vacuum by  pumping through 

t h e   g l a s s   c a p i l l a r y   t u b e s ,  i t  was p o s s i b l e   t o   m a i n t a i n  a i r  i n  t h e   i o n  

chamber a t  a pressure   o f  500 microns .   This   gave   r i se   to  a measurable 

s ignal   even when t h e   f i r s t   o r d e r   s p e c t r u m  was scanned. The s igna l ,   due  

to   923 A radiat ion,   completely  vanished when an aluminum f i l m  was 

i n s e r t e d   i n   t h e   l i g h t  beam, i n d i c a t i n g   s t r o n g   r e j e c t i o n   f o r   l o n g  wave- 

l eng th   r ad ia t ion .  

0 

Using  an In f i l m  and  krypton  gas  combination i t  was shown i n   q u a r t e r l y  

r e p o r t  NSL 65-134-3   tha t   the   ion  chamber s i g n a l  was strongly  dependent  

on the   p re s su re   o f   t he   gas .  I t  was a l so   encourag ing   t o   no te   t ha t   t he  

combination  of I n  f i l m  and krypton  gas  was r e s p o n s i v e   o n l y   t o   r a d i a t i o n  

between 887 A ( th re sho ld   o f   pho to ion iza t ion   i n   k ryp ton)  and 740 A ,  t h e  

absorpt ion  edge  in   indium. The photon   f lux   en ter ing   the   exper imenta l  

chamber was inc reased  by using a bundle  of 25 cap i l l a ry   t ubes   each  8 mm 

long  having 0.8 mm and  0.6 mm as i t s  ex;:ernal  and  internal  diameter 

r e spec t ive ly .   S ince   t he   l abo ra to ry  se t  up had two ion  chambers  each 

roughly two inches   long ,   ion   cur ren ts   p roduced   in   each  chamber  were 

monitored  simultaneously. It was found t h a t  mos t   o f   the   ion iza t ion  

t o o k   p l a c e   i n   t h e   f i r s t  chamber i n d i c a t i n g   t h a t  the length   o f   the  

se l ec t ive   de t ec to r   need   no t   be  more than two inches .  

0 0 
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Figure 15. Bonded  Glass  Capillary  Tubes. 
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F i g u r e  16 shows the  cut-away  drawing  of the f i r s t   s e l e c t i v e  

de tec tor   which  was two inches  long  and 1.8 i n c h e s   i n   d i a m e t e r  and 

made o u t   o f  a copper  tubing, the ins ide   be ing   coa ted   w i th   go ld .  The 

s t a i n l e s s  steel  c o l l e c t o r  wire, 1.1 mm i n   d i a m e t e r ,  was not   loca ted  

i n  t he   pa th   o f   t he   l i gh t  beam and was kep t  a t  a p o s i t i v e   p o t e n t i a l  

w i t h   r e s p e c t   t o   t h e  body. A 2'' opening   provided   an   in le t   for   gases   and  

evacuation of t h e   d e t e c t o r .  The "' open ing   i n   t he   f ace  p l a t e  behind 

t h e  f i l m  ho lde r  was f i l l e d   w i t h   g l a s s   c a p i l l a r y   t u b e s ,   0 . 5   i n c h e s   l o n g  

and  having a c i r c u l a r   c r o s s   s e c t i o n   w i t h  0.015 inch and 0.010 inch  OD and 

I D  r e s p e c t i v e l y ,  shown i n   F i g u r e   1 5 b .  

8 

Figures  17 t o  20 show the  var ious  components   of   the   portable  

s e l e c t i v e   d e t e c t o r  as i n s t a l l e d  a t  t h e   e x i t  s l i t  of the  monochromator. 

The p o s i t i o n   o f   t h e   c a p i l l a r y   t u b e s   b e h i n d   t h e   t h i n   f i l m  i s  shown 

i n   F i g u r e  17 with  Figure 18 s h o w i n g   t h e   t h i n   f i l m   i t s e l f .  The p o s i t i o n  

of  various  pressure  gauges  and  the  leak  valve i s  seen   i n   F igu re  19 

a long   w i th   t he   va r ious   i so l a t ing   va lves .   F igu re  20 shows t h e   p o r t a b l e  

s e l e c t i v e   d e t e c t o r   a t t a c h e d   t o   t h e   e x i t  s l i t  a s s e m b l y   b u t   e l e c t r i c a l l y  

insulated  from  the  monochromator. The d e t e c t o r  i s  kept  a t  - 90 v o l t s  

with respect t o   t h e  monochromator s o  t h a t   t h e   p h o t o e l e c t r o n s   g e n e r a t e d  

i n s i d e   t h e   d e t e c t o r   a r e   c o l l e c t e d  a t  the  wire   and  recorded by t h e  

cha r t   r eco rde r   w i th   t he   he lp   o f  a DC micro-microanmeter 

A r e s p o n s e   i n   t h e   p o r t a b l e   d e t e c t o r ,  when exposed  to EUV r a d i a t i o n ,  

w i t h o u t   t h e   f i l l i n g   g a s ,  was observed. The cur ren t   recorded  was p r i m a r i l y  

due   to   photo-e lec t rons   re leased   f rom  the  walls of   the chamber when the  

f i l t e r e d  EUV radiat ion  impinged  on  the wall o p p o s i t e   t h e   c a p i l l a r y   t u b e ,  

The response  due  to   photo-electrons  f rom  the  ion chamber walls was no t  

seen when t h e   i o n  chamber was f i l l e d   w i t h   g a s   h a v i n g  a lower   ion iza t ion  

po ten t i a l   t han   t he   t r ansmiss ion   cu to f f  l i m i t  o f   t he   f i lm  on the  long 

wavelength  s ide as i s  evident   f rom  Figure 21. Curves a and b a r e  

due  to   combinat ions  of   an A1 f i l m  w i t h  Xe and K r  g a s ,   r e s p e c t i v e l y .  

Curve c of   Figure 21 r e s u l t s  from  the  combination  of a n  A1 f i l m  and Ne 

gas.  The p res su res   o f  al l  gases   were  adjusted so as t o   g e t  maximum 

response a t  one  wavelength.  Uncalibrated  thermocouple  gauges  read 
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Figure 16. Cut-Away Drawing Showing the  Various  Components 
of the  Portable  Thin Ion Chamber  Detector. 
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Tigure 1 7 .  Photograph Showing the  Cap- 
i l l a r y  Tube of t h e   P o r t a b l e  
Se lec t ive   De tec to r .  
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Figure 18. Thin F i l m  Holder of the 

P o r t a b l e   S e l e c t i v e  
Detector .  
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Figure 19. The Complete  Portable  Selec- 
t i ve   De tec to r   w i th   P res su re  
Gauges and Needle  Valve. 

Figure 20. The P o r t a b l e   S e l e c t i v e  De-  
t e c t o r   a t t a c h e d   t o   t h e  Exi t  
S l i t  of t he  1 - M  Seya Mono- 
chroma t o r ,  
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Figure  21. Response of the  Selective  Broad-Band  Detector  Using A1 Film and Kr,  Xe,  and  Ne Gas. 
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t h e s e   p r e s s u r e s  at LO5 fo r   k ryp ton ,  130 g f o r  xenon, 

neon.   ,Since  the  radiat ion  between 580 A and 840 A was 

A1 f i l m  and was n o t   a b l e   t o   i o n i z e  Ne gas , i t  impinged 

0 0 
and 300 g f o r  

passed by the  

on t h e   i o n  chamber 

wall and  produced  photo-electrons  giving rise t o  a response  even  for  

longer   wavelengths   than   cor responding   to   the   ion iza t ion   po ten t ia l   for  

neon .   Hence ,   t he   d i sc r imina t ion   l eve l   fo r   t h i s   de t ec to r   had   been  

reduced. 

A d i f f e r e n t   v e r s i o n   o f   t h e   p o r t a b l e   s e l e c t i v e   d e t e c t o r  was 

des igned   i n  the labora tory   and   fabr ica ted  by LND Incorporated,  

i n  which   the   rear  wall of t he  chamber was made of  alumina. The e l e c t r i c a l  

c o n n e c t o r   f o r   t h e   c o l l e c t o r   c u r r e n t  was mounted on a l e x a n   p l a s t i c  

i n s u l a t o r  which   deve loped   leaks   a round  the   jo in ts .   Before   the   cap i l la ry  

tube   f l ange  was i n s t a l l e d ,   t h e   a l u m i n a   p l a t e  was checked f o r   p h o t o e l e c t r i c  

emiss ion   cur ren t .  I t  was n o t i c e d   t h a t   a n   a p p r e c i a b l e   p h o t o e l e c t r i c   s i g n a l  

was ob ta ined   w i thou t   t he   f i lm  and c a p i l l a r y   t u b e s   i n   f r o n t  of the  chamber, 

and  hence w a s  not   considered  useful .   Other   ion  chambers ,   not  shown, 

having   inch   deep   cav i t ies  a t  t h e  rear w a l l  covered  with  alumina  were 

a l s o  found  to   be  sensi t ive a t  those  wavelengths  which were a b l e   t o  

pas s   t h rough   t he   t h in   f i lm   bu t   cou ld   no t   i on ize   t he   gas .  

A t  t h i s   s t a g e ,  i t  was r e c o g n i z e d   t h a t   i f   t h e  rear w a l l  o f  t h e  

se l ec t ive   de t ec to r   cou ld   be   e l ec t r i ca l ly   i so l a t ed   f rom  the  rest  of   the  

chamber ,   then  the  photoelectrons  e jected  f rom  the  rear  wall could  be 

sdppressed by maintaining i t  a t  some h i g h   p o s i t i v e   p o t e n t i a l .   T h i s  

was accomplished i n   t h e  new des ign   o f   t he   po r t ab le   s e l ec t ive   de t ec to r ,  

shown i n   F i g u r e  22. 

The i o n  chamber case was f a b r i c a t e d   o u t   o f   s t a i n l e s s   s t e e l  

tubing.  A piece   o f  N i  , 2'.' i n   d i a m e t e r  was used a t  t h e  rear end t o   s e r v e  

as a photocathode. A .  s t a i n l e s s  ' s teel  mesh sc reen  (100 mesh/inch) was used 

as a g r i d   i n   f r o n t   o f   t h e  N i  photoca thode   to   repe l  al l  the   pho toe lec t rons  

from  the N i  photoca thode   whi le   the   cy l indr ica l  mesh screen was used 

i n   a t t r a c t i n g   t h e   p o s i t i v e   i o n s  by maintaining i t  a t  some s p e c i f i e d  

n e g a t i v e   p o t e n t i a l .   T h i s   s h o u l d   r e s u l t   i n   a n   e l e c t r o n   c u r r e n t  at t h e  

a 
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Figure 22. Three-Dimensional View of the  Selective  Detector. 



c i r c u l a r   r i n g   e l e c t r o d e   c a u s e d  by electrons  produced  only by  photo- 

i o n i z a t i o n   i n   t h e   g a s .   I n   o r d e r   t o   m i n i m i z e   t h e   g a s  loss from  the 

d e t e c t o r   t o   t h e   o u t s i d e  vacuum, long   g l a s s   cap i l l a ry   t ubes  were replaced 

by  mosaic  glass  obtained  from  Permeonics  Corporation.  This  helped 

con ta in   t he   gases   fo r   l onge r  t i m e  pe r iods .  Each g l a s s   p i e c e  was 4 inch  3 

in   d iameter   and  0.015 i n c h   t h i c k ,  and car r ied   0 .008"   d iameter   ho les  

over  an area of - I '  i n   d i ame te r   l eav ing   an   opaq le   boa rde r   fo r  making a 

vacuum seal t o   t h e   f r o n t  end of t h e   d e t e c t o r .  The o p t i c a l l y  f l a t  f a c e  

of t h e   g l a s s  was used in   suppor t ing   t he   t h in   f i lms .   T ransmi t t ance   o f  

mosaic glass was measured  by p u l l i n g  i t  i n t o  and   ou t   o f   the   rad ia t ion  

i n   f r o n t   o f   t h e   e x i t  s l i t .  Using 923 A r a d i a t i o n ,  i t  was found  to  be 

28%. Th i s   t r ansmi t t ance  would  be c l o s e   t o  50%, when measured  with 

a co l l ima ted  beam. 

16 

0 

I n   o r d e r   t o   a t t a c h   t h e   m o s a i c   g l a s s   t o   t h e   f r o n t  end of t h e   s e l e c t i v e  

d e t e c t o r ,   t h r e e   d i f f e r e n t   t e c h n i q u e s   w e r e   t r i e d .  Earlier r e s u l t s ,  

reported i n  Quarter ly   Report  6 5 - 1 3 4 - 6 ,  were obtained by us ing   red   sea l ing  

wax and  keeping  the  thin  f i lm  on  the vacuum s i d e .  Some of the  measure- 

ments   poss ib le   wi th   th i s  new d e t e c t o r  are summarized  below. 

1. Pho to ion iza t ion   cu r ren t s :   t he   pho toca thode  would  be biased 

pos i t i ve   t o   e l imina te   pho toe lec t rons   p roduced  a t  the  photo- 

cathode of t h e   d e t e c t o r ,   t h e   g r i d  would  be  b5ased  negative,  to 

c o l l e c t   i o n s  and  provide a c o l l e c t i n g   f i e l d ,  a n d   t h e   c o l l e c t o r  

should  be  grounded  through  the  electrometer  to  measure  the 

pho to ion iza t ion   cu r ren t s .  

2. The c o l l e c t o r  and  photocathode  could  be  biased  posit ive,  and 

the  current   could  be  monitored a t  t h e   g r i d ;   t h i s   g i v e s   t h e   c u r r e n t ,  

i f   any,   produced by t':Ie p h o t o e l e c t r i c   e f f e c t  a t  the gr id .  (The 
g r i d   j u s t   i n   f r o n t  of  the  photocathode i s  a mesh of 0.001" 

s t a i n l e s s   s t e e l   t h a t  i s  90% geomet r i ca l ly  transparent.) 

3 .  The gr id   could   be   b iased   pos i t ive   and   the   co l lec tor   nega t ive ,  

and   the   s igna l  w i l l  be moni to red  a t  the   pho toca thode ;   t h i s  would g ive  

the photoe lec t r ic   cur ren t   p roduced  a t  the  photocathode. 
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4. This design  of the s e l e c t i v e   d e t e c t o r   a l l o w s   p h o t o e l e c t r o n  

re ta rd ing   po ten t ia l   measurements ,  a technique which i n  

i t se l f  i s  a form  of   se lec t ive   de tec t ion .  The vo l t age  

conf igu ra t ion  would  have the c o l l e c t o r   b i a s e d   p o s i t i v e ,  

monitoring of t h e   s i g n a l  a t  the photocathode, and a v a r i a b l e  

nega t ive   vo l t age   on   t he   g r id   t o   supp ly   t he   r e t a rd ing   po ten t i a l .  

5 .  A sapph i re  window s e a l e d   t o  the i o n  chamber a t  45O t o   t h e  

1igh.t  beam could   be   used   to   moni tor   the   f luorescence  

r a d i a t i o n   i n   t h e   d e t e c t o r   c a u s e d  by vacuum UV r a d i a t i o n  

when i t  was f i l l e d  with e i t h e r  a i r ,  oxygen o r   n i t r o g e n .  

The resul ts   obtained  f rom  the  above  ment ioned  detector   pointed  to  

some f u r t h e r  improvement.  Although w e  were success fu l   i n   suppres s ing  

the  photoelectrons  f rom  the  photocathode,  w e  d id   no t   obse rve   sha rp   r e j ec t ion  

of   those   rad ia t ion   which   could   no t   ion ize   the   f i l l ing   gas .  T h i s  can  be 

seen   f rom  the   spec t r a l   r e sponse   cha rac t e r i s t i c s   o f   t he   de t ec to r   u s ing  an 

A 1  f i l m  and  neon  gas  (See  Figure 3 9 ) .  Also a ve ry   pecu l i a r   p re s su re  

dependence of the   s e l ec t ive   de t ec to r   r e sponse  w a s  observed a t  a f i n e d  wavc- 

length,   (See  Figure 3 7 ) .  The de tec tor   ou tput   increased  as a func t ion   of   gas  

p r e s s u r e ,  and then   dec reased   a f t e r   a t t a in ing  a peak  over a very  narrow 

pressure   range .  The peak  response was a t t a i n e d  a t  d i f f e r e n t   p r e s s u r e s  

for   each  wavelength.   Several   arguments   were  given  in   support   of   these 

obse rva t ions .  Fo r  example,  the  long  wavelength  response was a sc r ibed  

t o   i m p u r i t y   i n   g a s e s ,   l a c k   o f   c i r c u l a t i o n   o f   g a s   i n   t h e   d e t e c t o r  , and 

photoe lec t rons   e jec ted   f rom  the   f i lm.  The strong  dependence  of  the 

de t ec to r   r e sponse  on p r e s s u r e  a t  a fixed  wavelength w a s  ascr ibed  to   poor  

c o l l e c t i o n   e f f i c i e n c y  and leakage   of   gas   e i ther   v ia   the  pumping l i n e  

or   a round  the   f i lm.   These   def ic ienc ies   were   cor rec ted   in   the   f ina l  

p o r t a b l e   s e l e c t i v e   d e t e c t o r ,  shown schematical ly  i n  Figure 23. 

The g a s   i n l e t  and o u t l e t  were separated so tha t   gases   can   be   i n t ro -  

duced  from  the rear wall and pumped ou t   f rom  nea r   t he   v i c in i ty   o f   t he  

f i lm,   thereby  a l lowing  thorough  evacuat ion  of   the  detector .  T h e  

c y l i n d r i c a l   s c r e e n   a n d   c i r c u l a r   c o l l e c t o r   e l e c t r o d e  were replaced by 
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Figure 23. Schematic  Diagram of the  Selective  Detector. 

70 



two semi -cy l ind r i ca l   e l ec t rodes .  One o f   t hese   e l ec t rodes  w a s  used   to  

c o l l e c t   t h e   p o s i t i v e   i o n s   p r o d u c e d   i n   t h e   s e l e c t i v e   d e t e c t o r   g i v i n g  

the   de t ec to r   ou tpu t   wh i l e   t he   o the r  was kep t  a t  a low p o s i t i v e   p o t e n t i a l  

a long   w i th   t he   g r id  i n  f r o n t  of the   photoca thode   to   co l lec t  al l  the  

e l e c t r o n s .  The t h i n   f i l m   h o l d e r  was a l s o   k e p t  a t  a low p o s i t i v e  

p o t e n t i a l   t o  at tract  any   photoe lec t rons   re leased   f rom  the   f i lm now 

k e p t   i n s i d e  the chamber  and r e p e l  the p o s i t i v e   i o n s .  The N i  photocathode 

m a t e r i a l  w a s  replaced  by a d i s c  of tungsten.  Conventional  O-ring 

seals and  quartz  cement were used  to   s top  leakage  of   gas   around  the 

f i lm .  A new pumping l i n e  was a t t a c h e d   t o   t h e   s p a c e   i m m e d i a t e l y   i n   f r o n t  

o f   t he   s e l ec t ive   de t ec to r   and   t he   p re s su re   t he re  w a s  monitored  by a 

thermocouple  gauge.  Since  these  detectors are s e l e c t i v e   d e v i c e s ,  a 

knowledge  of their  s p e c t r a l   r e s p o n s e   c h a r a c t e r i s t i c s  i s  a b s o l u t e l y  

e s s e n t i a l   i n   o r d e r  to b e   a b l e   t o   i n t e r p r e t   t h e i r   c u r r e n t   i n d i c a t i o n s .  
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SECTION VI 

RESULTS AND DISCUSSION 

The r e s u l t s  of t he   s tudy   conduc ted   fo r   t he   s e l ec t ive   de t ec t ion  

of vacuum u l t r a v i o l e t   r a d i a t i o n  between 1000 - l O O A  are presented   here .  

Eirst, the  t ransmit tance  measurements  of t h i n   f i l m s  are discussed.  It  

i s  then  followed by t h e   r e s u l t s   o b t a i n e d   f r o m  a l imi t ed   s tudy  of t h e  

f l u o r e s c e n c e   i n  air. Then comple t e   spec t r a l   r e sponse   cha rac t e r i s t i c s  

of t h e   p o r t a b l e   s e l e c t i v e   d e t e c t o r s  are presented  and  followed  by 

p re l imina ry   r e su l t s   on   t he   pho toe lec t r i c   y i e ld   measu remen t s   and   pho to -  

d iode   s tud ie s .  

0 

Transmittance  of  Thin F i l m s  

Figure 24 shows the  transmittance  measurements  of  an  unbacked 

B i  f i l m  1100 2 1 O O A  th ick ,   and  i s  cha rac t e r i s t i c   o f   da t a   ob ta ined   f rom 

o the r   f i lms   o f   d i f f e ren t   t h i cknesses .   B i smuth ,   ob ta ined   f rom J .  T. 

Baker  Chemical Company and  of 99.95 p e r c e n t   p u r i t y ,  was s u c c e s s f u l l y  

evaporated  from a W boat  a t  a pressure  which  var ied  f rom 7 x mm 

Hg t o  1 x lo-" mm Hg, wh i l e   t he   subs t r a t e  was maintained a t  room 

temperature.  The t r ansmi t t ance   beg ins   t o  r ise from a value of 0.3% a t  

730A t o  a maximum of  approximately 10% at  530A from  where i t  drops 

a b r u p t l y   t o  a value  of  0.9% a t  510A i n d i c a t i n g  a sharp  absorpt ion  edge 

a t  520A. The t r ansmi t t ance   beg ins   t o   i nc rease   aga in ,   app roach ing  a 

second  peak  near 465A from  where i t  suddenly   decreases   to  a v a l u e  of 

1.4% at  4528 i n d i c a t i n g  a second  absorption  edge  near 460A, b o t h   i n  
0 0 

good agreement   wi th   the   resu l t s   repor ted  by Hunter e t  aL. The t h i r d  

peak i n   t r a n s m i t t a n c e   o c c u r s   n e a r  365A where a th i rd   b road   absorp t ion  

edge sets i n   r e d u c i n g   t h e   t r a n s m i t t a n c e  of B i  t o  less than 0.1% near 

300A. 

0 

0 0 

0 

0 

0 

0 

0 
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Figure 24. Transmittance of Bi Film  as  a  Function of Wavelength with Least  Exposure to Atmosphere. 
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Indium,  obtained  from  Kern Chemical Company and  of 99.9999% p u r i t y ,  

was successfu l ly   evapora ted   f rom a molybdenum boat .  The evaporat ion was 

achieved a t  a p res su re   o f  5 x lo-" mm H g  and l a s t e d   o n l y  10 seconds. 

Figure 25 shows the  t ransmit tance  measurements   on  an  indium  f i lm,  1000 5 
l O O A  t h i c k .  The t ransmi t tance   increases   f rom a va lue   o f  0.4% at  1070A 

0 0 

t o  a maximum of 14% near  800A then   dropping   to  a va lue   o f  9.53% a t  760A. 

It  i s  f rom  th i s   wavelength   tha t   t ransmi t tance   decreases   abrupt ly   to  a 

va lue   o f  less than 0.1% near  730A i n d i c a t i n g  a sharp  absorpt ion  edge 

near  740A. The f i lm  appeared   s i lvery   b r ight   and   wr inkle   f ree .   F igure  

26 shows the   t ransmi t tance   o f  a t i n   f i l m  as a funct ion  of   wavelength.  

Tin wire of 99.999% puri ty   and  obtained  f rom A. D. Mackay Incorporated 

was successful ly   evaporated  f rom a tungsten  boat  a t  a pressure  of  

0 0 

0 

0 

2 x lo-" mm Hg. The f i lm  th ickness   o f   approximate ly  800A was measured 
0 

using a Tolansky  interferometer .  Both t i n   f i l m s  number 1 and 2 were placed 

ins ide   the   exper imenta l  chamber f o u r   d a y s   a f t e r   t h e i r   p r e p a r a t i o n .   T r a n s -  

mi t tance   increases   f rom a value  of  0.014% a t  9238 t o  a maximum of 26% 

at 530A and  then  suddenly  decreases   to  a value of l e s s   t han  1% a t  510A. 

The f i l m   a g a i n  beeomes t r anspa ren t   nea r  400A and  shows a continuous 

d e c r e a s e   i n   t r a n s m i t t a n c e   o u t   t o   t h e  limit of our  measurements. This 

f i l m  was found  to  be  completely  free  from  pin  holes  and was, t h e r e f o r e ,  

used i n  making f luorescence  intensi ty   measurements   by  exposing  the a i r  

in   t he l abora to ry   expe r imen ta l  chamber to   zero  order   spectrum  from  the 

g r a t i n g  . 

0 

0 0 

0 

I n   o r d e r   t o   e x p l o r e   t h e   t r a n s m i t t a n c e   o f   t i n   i n   t h e   s h o r t   w a v e l e n g t h  
0 

r e g i o n ,   a n o t h e r   t i n  f i l m ,  approximately 600A t h i c k ,  was used. A s  shown 

i n   F i g u r e  27, the   t ransmi t tance   increases   f rom a va lue   o f  0.22% at  9238 

t o  a value  of  35% a t  530A and   then   drops   sharp ly   to  2% near  450A a t t a i n -  

i n g  a minimum. It then risss t o  a peak  of 8% a t  400A where i t  s ta r t s  

to   decrease  monotonical ly   toward  shorter   wavelengths   out   to   the limit of 

our  measurements. The p o s i t i o n   o f  p-eaks a n d   t h e   v a l l e y   i n   t h i s   c u r v e  

agree well wi th   those   repor ted  by Codling e t  also . T h e i r   r e s u l t s   r e p o r t ,  

i n   add i t ion ,   ano the r   r eg ion   o f   t r anspa rency  below 150A. 

0 

0 0 

0 

0 
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Figure 26. Transmittance of Tin Film NO. 1. 
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Figure 27. Transmittance of Tin Film No. 2 .  
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Figure  28 shows the   t ransmi t tance   o f   an  A1  f i l m  800A t h i c k .  

Aluminum of 99.999% puri ty   obtained  f rom A. D. Mackay Incorporated 

was successful ly   evaporated  f rom a t u n g s t e n   h e l i c a l   c o i l  a t  a p r e s s u r e  

of 2 X mm Hg and picked up on   brass   ho lders .   Af te r   keeping   the  

f i l m   i n   t h e   d e s i c c a t o r   f o r  24 hour s ,  i t  was t r a n s f e r r e d   t o   t h e   e x p e r -  

imental  chamber f o r  measurement. The t ransmi t tance   increases   f rom a 

value  of  0.25% a t  833A and con t inues   t o  r i s e  o u t   t o   t h e  limit of  our 

measurements   a t ta ining a value  of  60% at 250A. S i m i l a r   r e s u l t s   w e r e  

obtained  f rom  other  A 1  f i l m s .  

0 

0 

In   o rder   to   p repare   composi te  ( A 1  + Sn) f i lms ,   an  aluminum f i l m  was 

e v a p o r a t e d   f i r s t   o n  a g l a s s   s l i d e  which  had a water so lub le   coa t ing .  

Without   exposure  to  air and wa te r ,  a t h i n   c o a t i n g  of t i n  was evaporated 

on t h e  aluminum f i lm .  The g l a s s   s l i d e ,  when taken  out   of   the  vacuum 

system  looked  very  shiny.  During  f loating-off of t h e   t h i n   f i l m ,   t h e  

f i lm  broke  up i n t o   v e r y  small p i e c e s   i n d i c a t i n g  a loose   s t ruc ture   and  

hence  the  f i lm  could  not   be  picked  up.  Next t he   a l t e rna te   p rocedure  

was t r i e d .  F i r s t ,  an aluminum f i l m  was f l o a t e d - o f f  and picked up on 

a brass   holder .   This  f i l m  was then   t r ans fe r r ed   t o   t he   evapora t ion  

chamber  and was then  coated  with a t h i n  f i l m  o f   t i n .  On opening  the 

b e l l j a r ,  a s t r o n g   f i l m  of A1 + Sn was obtained and t r ansmi t t ance  

measurements made. 

F igu re  29 shows t h e   t r a n s m i t t a n c e   c h a r a c t e r i s t i c s  of a f i l m   c o n s i s t -  
0 

ing  of  approximately 500A t h i c k   f i l m   o f  aluminum  and 200A t h i c k   f i l m  

of t i n .  The t r a n s m i t t a n c e   s t a r t i n g   w i t h  a value  of  .004 a t  833A rises 

t o  a va lue  of n e a r l y  .17 a t  5258  and  then  suddenly  drops  to a Value Gf 

.02 at  510A. A t  s t i l l  shor te r   wavelengths ,   the   t ransmi t tance   cont inues  

t o   d e c r e a s e   u n t i l  450A where i t  a t t a i n s  a maximum of  .04  and  then 

dec reases   aga in .  

0 

0 

0 

0 

0 

I n  o rde r   t o   na r row  the   r e sponse   o f   s e l ec t ive   de t ec to r s   t o  wave- 
0 

l e n g t h   i n t e r v a l s  of 50A, at tempts   were made t o   p r e p a r e   t h i n   f i l m s  

c o n s i s t i n g  of  chromium, having a transmission-onset near 500%, and 

another  metal having a transmission  onset  above 500A l i k e  A 1  o r  T i  
0 
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with a transmission cut off below 500x. The first attempt  was  made 
with aluminum and chromium. 

Alumium f i l m s  were prepared by evaporat ing A 1  from a tungsten 

f i lament  on a g la s s   s l i de   wh ich   had   been   coa ted  with a water s o l u b l e  

sugar -aerosol   so lu t ion .  The evaporat ion was c a r r i e d   o u t   f o r   f i v e  

seconds  during  which t i m e  the p r e s s u r e   i n  the evaporat ion chamber r o s e  

from 6 x IOe7mm Hg t o  7 x 10-6mm Hg. T h i s   f i l m  was f l o a t e d - o f f   i n  

w a t e r   a f t e r  a week and  picked up on mosa ic   g lass   and   brass   ho lders .  

The A1 f i l m  on mosa ic   g lass  was t r ans fe r r ed   t o   t he   evapora t ion  chamber 

f o r  chromium evaporat ion.   Evaporat ion  of  C r  was performed  from a W boat .  

The pressure   dur ing   evapora t ion ,   which   las ted  10 seconds,   rose  from 

5 x 10-7mm Hg t o  1 x 10-5mm Hg.  On opening  the  system,  the  mosaic   glass ,  

which  looked  opaque with A1 f i l m ,   l o o k e d   t r a n s p a r e n t   t o   v i s i b l e   l i g h t .  

On c l o s e r   i n s p e c t i o n ,  i t  appeared   tha t  C r  had  reacted with A l .  The 

same observa t ion  was made when C r  was evaporated  on  an A1 f i l m  on a g l a s s  

s l i de   w i thou t   expos ing  the A1 f i lm   t o   a tmosphe re   o r   wa te r  

For   composi te   f i lms  of  chromium  and t i t an ium,  the fol lowing  pro-  

cedure was adopted. F i r s t  t i t an ium  f i lms  were evaporated  on  glass  

substrates   which  had  been  coated with the water so lub le   suga r -ae roso l  

so lu t ion .  The T i  f i l m  was exposed  to  atmosphere so t h a t  i t  c o u l d   a t t a i n  

an  oxide  layer  and become s t a b l e .  Then the T i  f i l m  on g l a s s  was kep t  

i n   t h e   e v a p o r a t i o n  chamber  and  chromium was depos i ted  on i t  from a 

tungsten  boat .  On opening   the   be l l  jar, t h e   g l a s s   s l i d e  was found  to   be 

coated  only a t  a few places and the   r e su l t an t   coa t ing   appea red   l oose ly  

bound to   the   g lass   sur face .   At tempts   were   then  made to   evapora te  

t i tanium  and chromium both  from the same tungs ten   boa t .  The r e s u l t a n t  

f i l m  had patchy  appearance similar to   t he   p rev ious ly   desc r ibed  f i l m  and 

could  not   be  used.  An o p t i c a l l y   f l a t   q u a r t z  plate  w a s  used as s u b s t r a t e  

fo r   fu r the r   evapora t ions .   Bo th   t i t an ium and  chromium were success fu l ly  

evaporated  from  the  tungsten  boat.  The p r e s s u r e   i n   t h e   e v a p o r a t i o n  chamber 

rose  from low t o   h i g h   v a l u e s   i n   t h e  lO-"mm Hg range. Both films appeared 

s i l v e r y   b r i g h t .  The  chromium f i l m  d i d   n o t   f l o a t   o f f   i n  water i n  one 

piece, bu t   b roke   i n to  a l a r g e  number of  smaller pieces .   Evaporat ion  of  
/ . ,  / .  

: .  

I 

I 

I 

/ 
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T i  on C r  r e s u l t e d   i n  a composite  f i lm  which  had a patchy  appearance.   In  

some cases, the   composi te   f i lm of C r  on T i  c u r l e d  up on i t s e l f  as i t  

f loa t ed   o f f   i n   wa te r   t hus  making i t  unusabre. 

T i   f i l m ,   u s e d   i n   t h e   p o r t a b l e   s e l e c t i v e   d e t e c t o r ,  was prepared 

by evaporat ing i t  from a tungsten  boat  a t  3 x lO-"mm Hg p r e s s u r e .  The 

f i l m  was f l o a t e d   o f f   i n  water and  subsequently  picked up on the   mosa ic   g lass .  

A s  t he   f i lms   u sed   i n   t he   po r t ab le   s e l ec t ive   de t ec to r s   cove red   t he   mosa ic  

g lass   wi thout   l eav ing  some por t ion   which   could   be   used   for   t ransmi t tance  

measurements, i t  was no t   poss ib l e   t o   measu re   t r ansmi t t ance   o f   t hese   f i lms .  

In   o rde r   t o   p repa re   t h in   f i lms   wh ich   a r e   s t ruc tu ra l ly   s t rong ,  we 

obtained some Pa ry lene   pe l l i c l e s   t ype  C. The b a s i c  member i s  a poly-para-  

xy ly l ene ,  a c o m p l e t e l y   l i n e a r ,   h i g h l y   c r y s t a l l i n e  material, where  one 

of  the  hydrogen  atoms  on  the  r ing i s  s u b s t i t u t e d  by a chlor ine  a tom. 

I t  i s  a d imens iona l ly   s tab le   thermoplas t ic   which  i s  synthesized  by  vapor 

phase  polymerization. I t  exh ib i t s   exce l l en t   p rope r t i e s   and  i s  r e s i s t a n t  

t o   r a d i a t i o n .  I t s  me l t ing   po in t  i s  750 deg. F making i t s  practical  

upper  use  temperature 200 deg. F i n  a i r  and 510 deg. F i n  an  iner t   a tmosphere.  

Parylene C h a s   b e t t e r   s o l v e n t   r e s i s t a n c e   a n d   b a r r i e r   c h a r a c t e r i s t i c s  

as compared to   Pary lene  N ,  w h i c h   h a s   t h e   b e t t e r   d i e l e c t r i c   p r o p e r t i e s .  
0 

Some Parylene pe l l i c l e s  of  type C ,  having a th ickness   o f  230A, 

as measured  by  capacitance  measurement  techniques,  were  obtained. The 

transmittance  measurements on o n e   s u c h   p e l l i c l e   a r e  shown i n   F i g u r e  30. 

The t r a n s m i t t a n c e   s t a r t i n g   w i t h  a value  of 66% nea r  1800A dec reases  

con t inuous ly   a t t a in ing  a minimum of 5% nea r  800A. I t  then   i nc reases  a t  

shor te r   wavelengths   to  a value of about 70% nea r  250A. Since  most  of 

t he   o the r   o rgan ic   f i lms   a l so   have   t he  same t r a n s m i t t a n c e   c h a r a c t e r i s t i c s ,  

other   samples  w i l l  not   be   explored  any  fur ther .  However, i t  i s  pointed 

o u t   t h a t   t h i s   p e l l i c l e  may be a n i c e  window material f o r   t h e   s o f t  X-ray 

work. 

0 

0 

0 

Fluorescence  Measurements 

It was po in ted   ou t   i n   Sec t ion  I V  of t h i s   r e p o r t   t h a t   f l u o r e s c e n c e  

caused   by   the   in te rac t ion   of  vacuum u l t r av io l e t   r ad ia t ion   w i th   a tmosphe r i c  
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Figure 30. Transmittance of Parylene  Pellicle Type c. 



gases   can  be  used  to   monitor   the  intensi ty   of  the e x c i t i n g   r a d i a t i o n .  

To obse rve   t he   f l uo rescen t   r ad ia t ion ,   t he   l abo ra to ry  model of   the  

s e l e c t i v e   d e t e c t o r ,  shown i n   F i g u r e  14, w a s , u t i l i z e d .  The g l a s s  window 

coated   wi th   sodium  sa l icy la te   used  as a r a d i a t i o n   c o n v e r t e r  was r ep laced  

with a c l ean   s apph i re  window. It was necessary  to  check  that   no 

v i s i b l e   l i g h t   r a d i a t i o n   c a u s e d   e i t h e r  by f l u o r e s c e n c e   i n   t h e   c a p i l l a r y  

t u b e   o r  a t  the   s apph i re  window be  seen.   Tin  f i lm No. 1 was p l a c e d   i n  

the   zero   o rder   spec t rum  f rom  the   g ra t ing  so tha t   on ly   rad ia t ion   be tween 

850A and 510A was a l lowed  to   en te r   the   exper imenta l  chamber.  Using  an EM1 

9526B pho tomul t ip l i e r   t ube  at 800 v o l t s ,  and  no air i n   t h e  chamber, 

an   ou tpu t   s igna l  was observed. T h i s  s i g n a l  was el iminated when a l i t h i u m  

f l u o r i d e  window was i n t e r p o s e d   i n   t h e   i n c i d e n t  beam i n d i c a t i n g   t h a t  

f l uo rescence  was e i the r   caused  a t  the   s apph i re  window o r  a t  t h e   c a p i l l a r y  

tubes.  The sapphire  window was rep laced   w i th   an   u l t r ac l ean   spec t r a s i l  

window w h i c h   r e s u l t e d   i n  a decreased  output a t  the   photomul t ip l ie r   tube  

without   any  gas .  When air was introduced a t  50 4 p r e s s u r e ,   t h e   o u t p u t  

s igna l   i nc reased  by a f ac to r   o f  15 above i t s  background  signal.   This 

c l ea r ly   demons t r a t ed   t ha t   i n   o rde r   t o   mon i to r   t he   f l uo rescence   r ad ia t ion  

a l o n g   t h e   d i r e c t i o n   o f   t h e   i n c i d e n t  beam, t h e   t h i n   f i l m ,   l i k e  Sn 111 f i l m ,  

should  be  completely  pin-hole   f ree   and a l l  windgws of  the chamber 

u l  t r a c l e a n .  

0 0 

The same chamber was then   se tup   wi th  Sn #l f i l m   i n   t h e  beam so t h a t  

f luorescence   rad ia t ion   could   be   moni tored  a t  r i g h t   a n g l e s   t o   t h e   e x c i t i n g  

r a d i a t i o n   s i x   i n c h e s   b e h i n d   t h e   c a p i l l a r y   t u b e s .  The ou tpu t   s igna l   w i th  

air a t  50 ~1 p r e s s u r e  was again  observed  but  found  to  be  decreased by a 

f ac to r   o f  14 when compared t o   t h e   s i g n a l   o b t a i n e d   a l o n g   t h e   d i r e c t i o n  

of t h e   i n c i d e n t  beam. This d e c r e a s e   i n   i n t e n s i t y  i s  explained by t h e  

f a c t   t h a t   i n   t h e   d i r e c t i o n   o f   t h e   i n c i d e n t  beam, the   pho tomul t ip l i e r  

tube i s  a b l e   t o   m o n i t o r   t h e   t o t a l   f l u o r e s c e n t   i n t e n s i t y   w h e r e a s   i n   t h e   s i d e -  

on p o s i t i o n   o n l y  a f r a c t i o n   o f   t h e   t o t a l   f l u o r e s c e n t   r e g i o n  i s  viewed. 

The 50 1.1 a i r  p res su re  was chosen so as t o   o b t a i n  a maximum s i g n a l   i n   t h e  

s ide-on  observat ion  because a t  h ighe r   p re s su res ,   t he   a t t enua t ion   o f  

t h e   i n c i d e n t  beam inc reases   exponen t i a l ly  a t  t h e   p o i n t   o f   o b s e r v a t i o n .  
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The r e s u l t s   o f  the typ ica l   s ide -on   obse rva t ion  are shown i n  F igu re  

31. The u n i t s  are arb i t ra ry ,   bu t   cor respond  roughly   to   f luorescent  

e f f i c i e n c y  times t h e   c o l l e c t i o n   e f f i c i e n c y   o f  the se tup .   S ince   t he   f l uo res -  

c e n t  i n t e n s i t y  i s  r a t h e r  small, no e f f o r t  was made to   ana lyse  i t s  s p e c t r a l  

compositon. The c u r v e   i n   F i g u r e  31 shows the general   t rend  found by 

Judge e t  a l .  91,92 

The  knowledge  and  experience  obtained  from  these  experiments was 

t h e n   a p p l i e d   . t o   t h e   d e t e c t i o n   o f   f l u o r e s c e n t   r a d i a t i o n   i n  the p o r t a b l e  

s e l e c t i v e   d e t e c t o r ,  shown i n   F i g u r e  22. The sapph i re  window was placed 

a t  such  an  angle  so that the   pho tomul t ip l i e r   t ube  EM1 9526 B could  view 

the  region  immediately  behind  the  mosaic   glass .   This   photomult ipl ier   tube 

has a qua r t z  window and was sens i t ive   f rom 1650A to   abou t  7000A. By 

observing  the  f luorescent   region  f rom an angle ,   any  f luorescence a t  t h e  

sapphire  window caused by the   impinging   inc ident  beam was avoided. We 

were  unable   to   read  any  s ignal   over  and above  the  dark  current  when t h e  

d e t e c t o r  was s l o w l y   f i l l e d   w i t h  a i r  in   t he   p re s su re   r ange   f rom mm 

Hg to  1 mm Hg behind  an aluminum f i lm .   Nega t ive   r e su l t s   were   a l so  

obtained when the  EM1 9526 B pho tomul t ip l i e r   t ube  was rep laced   wi th   so la r  

b l ind  EMR 541 F photomult ipl ier   tube  which was sens i t i ve   on ly   ove r   t he  wave- 

length  region  between 3000A and 1500A. The fluorescence  measurements 

were   no t   done   whi le   the   se lec t ive   de tec tor  was f i l l e d  with r a r e   g a s e s  

as no f lu re scence  i s  produced i n   t h e s e   g a s e s .  I t  was, t h e r e f o r e ,  

dec ided   to   s tudy   the  spectral r e s p o n s e   c h a r a c t e r i s t i c s  of s e l e c t i v e  

d e t e c t o r s  by only  measuring  ion  currents .  

0 0 

0 0 

Spec t r a l  ~ Resp~onse of S e l e c t i v e   D e t e c t o r s  

Based  on  our earlier measurements on t h e   p o r t a b  

u s i n g   g l a s s   c a p i l l a r y   t u b e s  as r e p o r t e d   i n   F i g u r e  2 1  

l e  s e l e c t i v e   d e t e c t o r  

, where  no  sharp  cut- 

o f f   i n   r e sponse  a t  longer  wavelengths w a s  s een ,  a new s e l e c t i v e   d e t e c t o r  

was designed and f a b r i c a t e d .   T h i s   d e t e c t o r ,  shown in   F igure   22 ,   used  

mosa ic   g l a s s   t o   suppor t   t he   f r ag i l e   t h in   f i lms   and   con ta ined   t he   gas  

w i t h   r e l a t i v e l y  l i t t l e  loss. The added f e a t u r e  of t h i s   d e t e c t o r  was 
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mani fe s t ed   i n  i t s  a b i l i t y   t o   m o n i t o r  the vacuum u l t r a t i o l e t   r a d i a t i o n  

e n t e r i n g   t h e   i o n  chamber a f t e r  i t  has   passed   th rough  the   th in   f i lm  and  

mosaic   glass .   This  w a s  achieved by moni tor ing   the   cur ren t  a t  t h e  N i  

photoca thode   due   to   emiss ion   of   photoe lec t rons   whi le   the   o ther   e lec t rodes  

were k e p t  a t  some p o s i t i v e   p o t e n t i a l  and the d e t e c t o r  was completely 

evacuated.  This  el iminated  the  need  of  monitoring  the vacuum u l t r a -  

v i o l e t   r a d i a t i o n   s e p a r a t e l y   b y  means of  a sodium s a l i c y l a t e   c o a t e d  

photomult ipl ier .   Using  an aluminum film,  approximately 600A th ick ,   and  

s e a l i n g   t h e   m o s a i c   g l a s s   t o   t h e   f l a n g e  by  means of   red wax so t h a t   t h e  

t h i n   f i l m  w a s  outs ide  the  chamber ,   the   fol lowing  measurements   were  carr ied 

ou t .  

0 

Figure 32 shows t h e   v a r i a t i o n   o f   p h o t o e l e c t r i c   c u r r e n t  as measured 

a t  the N i  photocathode when t h e   p o t e n t i a l  a t  t h e   g r i d  and c o l l e c t o r  

was va r i ed   f rom  h igh   nega t ive   va lues   t o   h igh   pos i t i ve   va lues .  A t  p o s i t i v e  

vo l t ages   l a rge r   t han  10 V,  a l l  the   photoe lec t rons   re leased   f rom  the  N i  

photocathode, when exposed t o   t h e   z e r o   o r d e r  of the   g ra t ing   spec t rum,  were 

c o l l e c t e d .  The cur ren t   reversed  i t s  s i g n  when n e g a t i v e   p o t e n t i a l s  

were a p p l i e d   t o   t h e   c o l l e c t o r   a n d   t h e   g r i d   i n d i c a t i n g   t h a t  some e l e c t r o n s  

were   re leased   f rom  the   g r id   and   were   co l lec ted  by t h e  N i  photocathode. 

When individual   currents   were  measured a t  t h e   g r i d  and c o l l e c t o r  

while  the N i  photocathode,   kept  a t  -8.6 v o l t s  , was exposed t o   t h e   z e r o   o r d e r  

spectrum, i t  was observed   tha t   on ly  40% of the   e l ec t rons   were   co l l ec t ed .  

The remain ing   be ing   los t   to   the  walls o f   t h e   d e t e c t o r .  Of these  40% 

only   one   th i rd   reached   the   co l lec tor   and  two th i rds   r eached   t he   g r id .  

With an aluminum f i lm   the   r e sponse  of t h e   s e l e c t i v e   d e t e c t o r   w i t h o u t  

any  gas was below t h e  limit of  our  measurements  for al l  rad ia t ions   above  

840A.  The d e t e c t o r  was then  purged  with  var ious rare gases .  With  each 

gas   chosen,   the   response of  t h e   d e t e c t o r  was measured as a func t ion   of   gas  

p r e s s u r e  a t  specif ic   wavelengths   and  then  maintaining the pressure   $or  a 

maximum s i g n a l ,  a spectral   scan  covering  the  range  f rom  the  zero  order   spectrum 

o u t   t o  925A i n  the f i r s t   o r d e r  was taken. A minimum of   three  scans  were made 

fo r   each   gas   and   ave raged   t o   r educe   e r ro r   due   t o   f l uc tua t ions   i n   t he  

0 

0 .. 
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c p 

l i gh t   sou rce .  The constancy of t h e   l i g h t   s o u r c e  was checked by 
measur ing   the   s igna l   due   to   photoe lec t rons   e jec ted   f rom  the  N i  photo- 

ca thode   before  the in t roduc t ion   o f  the gases   and   a f te r  the gases   had 

been pumped o u t   o f   t h e   i o n  chamber d e t e c t o r .  

F igu re  33 shows the   p ressure   dependence   of   the   de tec tor   response  a t  
0 

6868  and 555A. I t  i s  s e e n   t h a t  the r e sponse   o f   t he   de t ec to r   i nc reases  

as t h e   g a s   p r e s s u r e   i n c r e a s e s   u n t i l   t h e   p r e s s u r e   r e a c h e s  120 p, as 

measured  on a CVC thermocouple,  and  then  remained  constant  while  the 

p r e s s u r e   i n c r e a s e d   t o  200 p. It then   dec reased   w i th   i nc rease   i n   p re s su re .  

This  behavior was the same both at 5558 and 686A. 

0 

0 0 

Figure  34 shows the   spec t r a l   r e sponse   o f   t he   s e l ec t ive   de t ec to r  

using  an A 1  f i l m  and  argon  gas a t  200 +. The o r d i n a t e  i s  the   r a t io   o f   t he  

e l e c t r o n   c u r r e n t  as r e g i s t e r e d  a t  the   co l l ec to r   t o   t he   ou tpu t   o f   t he  

sodium s a l i c y l a t e   c o a t e d   p h o t o m u l t i p l i e r   t u b e .   I n   a r b i t r a r y   u n i t s ,   t h e  

response  of   the  detector  starts from a value  of .003 a t  923A and 

i n c r e a s e s   t o  .03 a t  7876 where  the  argon  gas   ionizes .  The  few p i n   h o l e s  

i n   t h e  A1  f i lm  a l low  the   longer   wavelength   rad ia t ion  bhan 840A t o   e n t e r  

t h e   i o n  chamber  and ion ize   the   contaminant   gases   p resent   a long   wi th   a rgon .  

The response of t he   de t ec to r   con t inues   t o   i nc rease   sho r tward  of 7878 

and h a s   t h e   c h a r a c t e r i s t i c s   o f   t h e   t r a n s m i t t a n c e   c u r v e   o f   a n  A 1  f i l m   u n t i l  

i t  reaches a value of 0.65 a t  650A which it maintains  down to 400A where 

the   dec rease   i n   abso rp t ion   c ros s   s ec t ion  of argon  causes   the  total   response 

to   dec rease .  A t  2888, the  response of t h e   d e t e c t o r   h a s  a value of 0.09. 

T h i s  d e c r e a s e   i n   r e s p o n s e  a t  wavelengths   shorter   than 400A may a l s o  

0 

0 

0 

0 

0 u 

0 

0 

be   due   t o   i nc rease   i n  l o s s  of more e n e r g e t i c   e l e c t r o n s   t o   t h e  walls of 

t he  chamber , e s p e c i a l l y   t o   t h e   t h i n   f i l m   f l a n g e ,   b e i n g   a c c e l e r a t e d  by t h e  

n e g a t i v e   p o t e n t i a l  a t  t h e   g r i d .  No measurable   s ignal  was r e g i s t e r e d  a t  

the N i  photocathode while the g r i d  w a s  k e p t  a t  a high n e g a t i v e   p o t e n t i a l  

of -63 V and collector  grounded.  Also  during these measurements,  the 

pressure  between the e x i t - s l i t  and the s e l e c t i v e   d e t e c t o r   i n c r e a s e d  

from i t s  va lue   wi th  no g a s   i n   t h e   d e t e c t o r  as r e g i s t e r e d  by t h e   i o n  

gauge. The. r ise i n   p r e s s u r e   i n   t h e   i o n   g a u g e  became much more s i g n i f i c a n t  
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when t h e   p r e s s u r e   i n  the de tec to r   i nc reased   above  2 0 0 ~ .  T h i s  i s  r e f l e c t e d  

in   t he   cu rve   o f   F igu re  33 where  the  response of the   de t ec to r   dec reased  

f o r   p r e s s u r e s   o v e r  2OOp because more photons were absorbed  before   they 

en te red   t he   de t ec to r .  

Figure 35 shows t h e   c o l l e c t o r   c u r r e n t  as a func t ion   o f   p re s su re   o f  

xenon gas  a t  6868 and 508A. The response i s  markedly  peaked  for 6868 

and i s  less p res su re   dependen t   fo r  508A. The shape  of   the  curve  only 

confirms  our earlier b e l i e f   t h a t  more long  wavelength  photons are 

absorbed i n   t h e   g a s  between  the s l i t  and t h e   d e t e c t o r   a n d ,   t h e r e f o r e ,  

requi res   modi f ica t ion   of   our  pumping system. 

0 0 0 

0 

Figure 36 shows the   r e sponse   o f   t he   de t ec to r ,   u s ing  an aluminum f i l m  

and  xenon gas  a t  a p re s su re   o f  2 0 0 ~  as a funct ion  of   wavelength.   Since  the 

i o n i z a t i o n   p o t e n t i a l  of xenon g a s   l i e s  a t  1022A, the  response  curve 

fol lows  the  shape of the   t ransmi t tance   curve   o f  A 1  a t  longer  wavelengths 

s t a r t i n g   w i t h  a va lue   o f  0.01 a t  8338 and r i s i n g   t o  a peak  of 0.8 a t  430A 
0 0 

with a d ip   near  550A (poss ib ly   caused  by A1  f i l m ) .  It then   decreases  

down t o  0.4 a t  270A because  of a d e c r e a s e   i n   t h e   a b s o r p t i o n   c o e f f i c i e n t   f o r  

xenon. 

3 

0 

0 

Figure  37 shows the   p ressure   dependence   of   the   se lec t ive   de tec tor  

consisting  of  krypton  gas  and  an aluminum f i l m  a t  6868 and 508A. Again, 

w e  observe a marked dependence of the   response  of t h e   d e t e c t o r   f o r  6868 

rad ia t ion   and  a uniform f l a t   r e s p o n s e   f o r  508A over   wider   pressure  ranges.  

0 0 

0 

0 

Figure 38 shows the   response  of  t h e   s e l e c t i v e   d e t e c t o r  as a func t ion  

of  wavelength  using  krypton  gas a t  2 2 0 ~  ,and  an aluminum f i l m .   I n   t h i s  

case, the   response  s tarcs  with a va lue   o f  .003 a t  923A and rises smoothly 

t o  a value  of  0.5 a t  600A. Then i t  shows a s l i g h t   d i p   n e a r  550A and 

c o n t i n u e s   t o   r i s e   t o  a peak  value  of 0.9 at 400A. From t h e r e  i t  decreases  

smoothly t o  a value  of . 4  a t  270A. 

0 

c 0 

0 

0 

The spec t r a l   r e sponse  of  t h e   s e l e c t i v e   d e t e c t o r   c o n s i s t i n g   o f  neon 

gas  a t  5 0 0 ~  and  an aluminum f i l m  is shown i n   F i g u r e  39. Here i s  a combina- 

t i on   where   t he   i on iza t ion   onse t  of t h e   f i l l i n g   g a s  i s  a t  a wavelength 

much shor te r   than   the   t ransmiss ion   onse t   o f   the   f i lm.  We f i n d   t h a t   t h e  
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Figure 36. Spectral  Response of the Selective Detector  Using 
Aluminum Film and Xenon Gas. 
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0 
detec tor   response   un i formly  r ises from a va lue   o f  .001 a t  9238 t o  a 

value  of 0.1 at  600A, from  where i t  makes a b i g  jump to   0 .5  a t  5558 

and then rises t o  a va lue   o f  0.7 near  250A. 

0 0 

0 

If a l l  o f   t he   gas   i n   t he   de t ec to r   were   pu re   neon   t hen   t he   r e sponse  
0 

at  600A would have  been  below  the limit of our  measurements.   This seems 

t o   i n d i c a t e   t h a t  we are neve r   ab l e   t o   evacua te   t he   de t ec to r  chamber 

completely  or  our  gases are not  pure  enough. We then made s u b s t a n t i a l  

modi f ica t ions   to   our  vacuum system so t h a t  no gas   could   f ind  i t s  way t o  

the   reg ion   be tween  the   ex i t  s l i t  of   the monochromator  and t h e   s e l e c t i v e  

d e t e c t o r .  This was accomplished  by  providing a f lap  valve  between  the 

s l i t  assembly  and  the  diffusion pump and ano the r  pumping l ine   immedia te ly  

i n   f r o n t   o f   t h e   d e t e c t o r .  Gas i n l e t  and e x h a u s t   l i n e s   t o   t h e   s e l e c t i v e  

de tec tor   were   separa ted .  W e  a lso   have   modi f ied   the   e lec t rode   sys tem 

i n   t h e   s e l e c t i v e   d e t e c t o r  by r ep lac ing   t he  mesh sc reen   cy l inde r   by  two 

s o l i d   s e m i - c i r c u l a r   c y l i n d e r s .  One of t h e   c y l i n d r i c a l   h a l v e s  acts as 

a c o l l e c t o r   o f   p o s i t i v e   i o n s  and t h e   o t h e r   k e p t  a t  a h i g h   ( 4 5   v o l t s )  

p o s i t i v e   p o t e n t i a l  and connec ted   to   the  mesh s c r e e n   i n   f r o n t  of t h e  

W photoca thode   to   co l lec t  a l l  t h e   e l e c t r o n s .  The f l ange   ca r ry ing   t he  

t h i n   f i l m  and  mosaic  glass was e l e c t r i c a l l y   i n s u l a t e d  from  the  grounded 

chamber  and kep t  a t  a low p o s i t i v e   p o t e n t i a l   t o  a t t ract  any  photo- 

e lec t rons   re leased   f rom  the   f i lm.  

F igu re  40 shows t h e   f i n a l   l a b o r a t o r y  se t  up of t h e   s e l e c t i v e  

d e t e c t o r  shown schemat ica l ly   in   F igure  23. Before making s p e c t r a l  

sens i t iv i ty   measurements ,  i t  was decided  to  make l eak   t e s t s   a round   t he  

mosaic   glass  and th in   f i lm .   Th i s  was achieved by monitor ing  the  pressure 

i n   f r o n t  o f   t he   de t ec to r  by  means  of an  ion  gauge.   In  a l l  the   ca ses  

s tud ied ,   the   ion   gauge   reading  showed a change  from  1.5 x mm Hg, 

when completely  evacuated,   to  3 x lom5 mm Hg, when t h e   d e t e c t o r  was 

f i l l e d   t o  1 mm Hg p res su re .  

The b i s m u t h   f i l m   p r e p a r e d   f o r   u s e   i n   t h e   s e l e c t i v e   d e t e c t o r  was 

evaporated a t  a p res su re   o f  5 x mm Hg from a Mo boat .  On f l o a t i n g ,  

i t  was picked up on  mosaic   glass   with 2 0 0 ~   h o l e   s i z e s  and kept  in the 
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d e s i c c a t o r   f o r  24 h o u r s   b e f o r e   i n s t a l l a t i o n   i n   t h e   s y s t e m .  When t h e  

d e t e c t o r  w a s  maintained a t  a p res su re   o f  1.33 mm Hg by in t roduc ing  

argon,   the  ion  gauge  reading  increased  f rom 1.8 x t o  3 x mm Hg. 

This g u a r a n t e e s   t h a t   t h e r e  i s  r e l a t i v e l y  no l o s s  of   gas  either through 

o r   a round   t he   t h in   f i lm .  

With  comp1et.e evacuat ion   of   the   de tec tor ,   one   should   observe  

s i g n a l s   o n l y  a t  the  photocathode  and  re la t ively  none at t h e   c o l l e c t o r .  

However, a l a r g e   s i g n a l   s h o u l d   r e s u l t  at t h e   c o l l e c t o r ,  when t h e   d e t e c t o r  

i s  f i l l e d   w i t h   g a s e s  and a small s i g n a l  a t  the  photocathode. The fol low- 

ing  measurements were ca r r i ed   ou t   w i th   t he   b i smuth   f i lm  and  neon,  argon, and 

krypton  gases .  

For   zero  order   spectrum 

'Collector  'photocathode 

No gas  9 .O x 10-l' amp 114 x amp 

Argon a t  9SO+ 900 x amp < 1 x 1 0 - l ~  amp 

F igure  41 shows the  current   measured a t  t h e  W photocathode 

wi th   no   gas   in   the   de tec tor .   Only   the  555A r a d i a t i o n  was 

s t r o n g  enough t o   b e   r e g i s t e r e d .  No obse rvab le   s igna l  

was monitored a t  t h e   c o l l e c t o r   i n   t h e  500 t o  800A region.  

0 

0 

F i g u r e  42 shows the  pressure  dependence of t h e   d e t e c t o r   o u t p u t  

( I c ~ ~ ~ ~ ~ ~ ~ ~ )  a t  the   zero   o rder   spec t rum  us ing   a rgon   gas .  It  i s  clear t h a t   t h e  

S igna l   sa tura tes   a round 475 microns of pressure  and  then  remains  constant  

o u t   t o  950 microns. A similar measurement a t  the   photoca thode   resu l ted  

i n  no s ignal   above 570 micron; of p r e s s u r e   i n d i c a t i n g   t h a t  a l l  t h e   r a d i a t i o n  

reaching  the  photocathode  had  been  absorbed. 

Figure 43 shows t h e   d e t e c t o r   o u t p u t  (ICollector 1 b o t h   a t   t h e   z e r o   o r d e r  

and f i r s t   o r d e r  when t h e   i o n  chamber i s  f i l l e d   w i t h  neon gas .  The p res su re  

of  neon  gas was well   above lmm Hg and could  not  be  measured  by  the  attached 

thermocouple .   However ,   the   ion  gauge  pressure  increased  to  2.7 x mm 

Hg only.  The spec t r a l   r e sponse  i s  l imited  only  between 5258 and  the 
0 
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0 
i o n i z a t i o n  limit of  neon,  namely 580A. S i n c e   t h e r e  were no s t r o n g   l i n e s  

between 555A and 601A, w e  were n o t   a b l e   t o  see t h e   s h a r p   c u t - o f f   i n  

response a t  580A. However, r ad ia t ion   above  580A which i s  r e g i s t e r e d  with 

argon  and  krypton  f i l led  ion  chambers  i s  no t   s een  with neon. 

0 0 

0 0 

F i g u r e  44 shows the s p e c t r a l  trace o f   t h e   d e t e c t o r   o u t p u t  (ICollector 1 

using  argon  gas a t  665  microns of p re s su re .  It  i s  shown t h a t   t h i s   d e t e c t o r  

i s  sensi t ive  over   the  wavelength  region  between 520A and 787A, t h e s e  

be ing   t he   cu t -o f f   i n   t r ansmiss ion   o f   t he   f i lm   and   t he   i on iza t ion   onse t  

limits of   the  gas   respect ively.   Because  of   the  large  thickness   of   the  

f i lm  used ,   the   response  of t h e   d e t e c t o r  i s  n e g l i g i b l e   f o r   w a v e l e n g t h s  

above 700A. It should,   however,   be  noted  that   the  response  of  the 

de t ec to r   hav ing  a B i  f i l m  and two d i f f e r e n t   g a s e s  i s  i d e n t i c a l   o v e r  

the   over lapping   reg ion .  This i s  also t r u e  when the  gas   chosen i s  

krypton.   Figure 45 shows t h e   s p e c t r a l  trace of t h e   d e t e c t o r   u s i n g  a bismuth 

f i lm  and  krypton  gas  a t  700  microns. The d e t e c t o r   o u t p u t  showed no 

pressure  dependence  with  krypton  between 450 - 1000 microns  of   pressure and 

d e c r e a s e d   s l i g h t l y  beyond 1 mm of pressure.  

0 0 

0 

Afte r   t he   measu remen t s   on   t he   de t ec to r s   cons i s t ing   o f   t he  B i  f i l m  and 

va r ious  rare gases  were completed,   a t tempts   to   prepare  indium  f i lms were 

made. The indium  fi lm,  evaporated  from a Mo b o a t   i n   o n l y  5 seconds a t  a 

p res su re   o f  1 x 10-6 mm Hg was s u c c e s s f u l l y   f l o a t e d   o f f   i n  water and 

picked  up  on a mosaic   glass .  After d ry ing  i t  f o r  24 h o u r s   i n   t h e   d e s i c c a t o r ,  

i t  was mounted  on t h e   f l a n g e   o f   t h e   s e l e c t i v e   d e t e c t o r   u s i n g  a conventional 

O-ring seal. The following  measurements were ca r r i ed   ou t   one  week later 

because of m a l f u n c t i o n   i n   t h e   l i g h t   s o u r c e   s w i t c h i n g   c i r c u i t .  

F i r s t ,  a s p e c t r a l   r u n  was made wi th   the   de tec tor   comple te ly   evac-  

uated.  The output  measured a t  the cathode  gave  the amount o f   r a d i a t i o n  

e n t e f i n g   t h e   i o n  chamber a f t e r  i t  had  passed  through  the  indium  fi lm 

and  the  mosaic   glass .   Figure 46  shows t h e   s p e c t r a l  trace r e p r e s e n t i n g  

t h e   i n t e n s i t y   o f   t h e   r a d i a t i o n   e n t e r i n g   t h e   i o n  chamber as measured a t  

the  tungsten  photocathode by the   photo-emiss ion   cur ren t .  The c o l l e c t o r  

i s  kep t  a t  4 5   v o l t s   n e g a t i v e   w h i l e   t h e   o t h e r   c y l i n d r i c a l   e l e c t r 6 d e  
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Figure 44. Spectral  Trace of the  Detector  Output 
Using  Bi Film and  Argon  Gas. 
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Figure 46. Photocathode  Signal Using Indium Film Without Gas. 



and   t he   g r id  are kep t  a t  20 v o l t s   p o s i t i v e .   I n  a l l  the  measurements, 

t h e  f i l m  f l a n g e  i s  kep t  a t  4 5   v o l t s   p o s i t i v e .  When t h e   s i g n a l  w a s  

measured a t  t h e   c o l l e c t o r ,   t h e   c a t h o d e  was k e p t  a t  4 5   v o l t s   p o s i t i v e .  

The c o l l e c t o r   s i g n a l  at  the zero   :o rder  was measured at 1.5 x amp. 

wh i l e   t he   r e sponse   i n   t he   f i r s t   o rde r   spec t rum  ove r   t he   wave leng th   r ange  

between  740 - l l O O A  was less than 1 x amp. 
0 

Argon was then   i n t roduced   i n   t he   i on  chamber and maintained a t  

760  microns.  Figure 47 shows the i o n   c u r r e n t   c o l l e c t e d  a t  t h e   c o l l e c t o r  

bo th   fo r   t he   ze ro   o rde r   spec t rum and t h e  f i rs t  order  spectrum. I t  i s  

ev iden t   t ha t   t he   r e sponse  i s  l i m i t e d   t o  a very  narrow  wavelength  interval  

of 47A between 787A and 740A. Even though   r ad ia t ion   o f   h ighe r   i n t ens i ty  

en ters   the   ion   chamber ,  i t  i s  not   producing  any  s ignal  a t  t h e   c o l l e c t o r .  

By f i x i n g   t h e   g r a t i n g   p o s i t i o n  a t  7736,  the  pressure  dependence  of  the 

o u t p u t   c u r r e n t  at t h e   c o l l e c t o r  was measured.  Figure 48 shows t h e   i o n  

c u r r e n t  a t  the c o l l e c t o r  as a func t ion   o f   p re s su re  and i n d i c a t e s   t h e  

constancy  of  the  response  between  475  and  950  microns.  Simultaneous 

measurement  of  the  signal a t  the  photocathode,  shown i n   F i g u r e  49 , i n  

an  a tmosphere  of   argon  gives   indicat ions  of   radiat ion  only  between  7878 

and the  t ransmission  onset   of   In  a t  approximately 1100A. 

0 0 0 

0 

0 

0 

Measurements  of  the  detector  response  using  krypton  gas  are  reported 

i n   F i g u r e  50. I t  shou ld   be   no ted   t ha t   t he   r ange   o f   spec t r a l   s ens i t i v i ty  

has   been   increased   to  148A between 740A and 888A. The r e s p o n s e   i n   t h e   z e r o  

order   has   a lmost   doubled   f rom  tha t   in   which   a rgon  w a s  used. A small 

i n d i c a t i o n  a t  9238 i s  a s c r i b e d   t o  an impur i ty   con ten t   i n   k ryp ton .  The 

pressure  dependence  using  the  zero  order   spectrum i s  i n d i c a t e d   i n   F i g u r e  51. 

Simultaneous  measurement  of  the  photocathode  output, as shown i n   F i g u r e  

5 2 ,   r e s u l t s   i n  a lower  s ignal  a t  t h e   z e r o   o r d e r  and a t  9238  rad ia t ion   wi th  

r e d u c e d   i n t e n s i t y   ( e f f e c t  of krypton  gas  on W photocathode) .  

0 0 0 

0 

0 

If t h e   p h o t o e l e c t r i c   y i e l d  of W i s  known under   var ious  gaseous  environ-  

ments,   then two simultaneous  measurements,  one a t  t h e   c o l l e c t o r  and the  

o t h e r  a t  the  photocathode w i l l  r e s u l t   i n   p h o t o n   f l u x   m e a s u r e m e n t s   i n  two 

d i f f e r e n t   w a v e l e n g t h   i n t e r v a l s   w i t h  no ove r l ap .  
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Using  xenon  gas a t  520g of p r e s s u r e   i n  the i o n  chamber increases the 

spec t r a l   s ens i t i v i ty   ove r   t he   wave leng th   i n t e rva l   be tween  740 and 1022A. 

Figure  53 shows t h e   s p e c t r a l  trace o f   t he   de t ec to r   ou tpu t  as measured a t  

t h e   c o l l e c t o r   o f   t h e   s e l e c t i v e   d e t e c t o r   b o t h ' i n   t h e   z e r o   o r d e r   a n d   i n  

t h e   f i r s t   o r d e r  of the spectrum. The response a t  the   zero   o rder   spec t rum 

has increased   f rom  tha t  when krypton was used.  Simultaneous  measurement 

a t  the   pho toca thode   r e su l t ed   i n  a c u r r e n t  of on ly  4 x 1O- l '  amp compared 

t o  a va lue   o f  2.7  x amp when no gas  was p r e s e n t .  This small s i g n a l  

i s  r e p r e s e n t a t i v e   o f   t h e   r a d i a t i o n   w h i c h  i s  f i l t e r e d   b o t h  by the gas  and 

the   ind ium  f i lm  and  l i e s  between  1022 and 11208 . Figure  54 shows the 

pressure   dependence   of   the   de tec tor   ou tput   wi th  xenon gas  and an In f i l m  

at 773A r a d i a t i o n .  

0 

0 

I t  should ,   however ,   be   s ta ted   tha t  a l l  the  measurements  reported 

thus  far   were  taken by us ing   n i t rogen   in   the   l igh t   source   and   covered  

the  wavelength  region  between l O O O A  and 520A. 
0 0 

0 
In   o rder   to   cover   the   wavelength   reg ion   be low 500A, a f r e s h   f i l m  

of T i  was prepared  by  evaporating i t  from a tungsten  boat  a t  3 x 10-6nun Hg 

p res su re .   Th i s   f i lm  was f l o a t e d   o f f   i n  water and  subsequently  picked up  on a 

mosa ic   g l a s s .   Af t e r   d ry ing  i t  i n   t h e   d e s i c c a t o r   o v e r   n i g h t ,  i t  was 

cemented t o   t h e   f l a n g e  by  means  of quartz  cement. T h i s  cement, when 

hea ted   to  300 degrees  F ,  adhe res   t o  metallic surfaces   very  smoothly and 

has  a very low vapor   p ressure  a t  room temperature.  Immediately  upon 

app l i ca t ion   o f   t h i s   cemen t   t o   t he   f l ange ,   t he   mosa ic   g l a s s   suppor t ing  

t h e   f i l m  i s  p laced   gent ly   over  i t  and pressed down uniformly.   After  

checking   the   ion  chamber for   any   leakage   a round  the   f i lm,   the   fo l lowing  

measurements were c a r r i e d   o u t .  

A s  b e f o r e ,   t h e   s e l e c t i v e   d e t e c t o r  w a s  evacuated   to  a pressure   o f  

2 . 2  x nun Hg. The l i g h t   s o u r c e   g a s  w a s  changed  from  nitrogen  to 

a rgon   t o   ob ta in  more inc iden t   r ad ia t ion   be tween  900A and 300A. 
0 0 

Figure  55 shows the   spec t r a l   r e sponse   o f   t he   s e l ec t ive   de t ec to r  using a 

t i tanium  f i lm  and  argon  gas  a t  1 . 2 m  Hg p res su re   and   t he   i n t ens i ty   o f  

r a d i a t i o n  a t  t h e   e x i t  s l i t  of   the  monochromator as measured by a 95148 EM1 
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photomult ipl ier   tube  which  had  been  sensi t ized by a uniform  coat ing 

o f   sod ium  sa l i cy la t e   t o   r e spond   t o   t hese   r ad ia t ions .  The c o l l e c t o r  

cu r ren t ,   due   t o   pos i t i ve   i ons   gene ra t ed   by   t he   ze ro   o rde r   spec t rum  in  

the  chamber, i s  measured  on  the 10 x amp s c a l e  (shown  on t h e   r i g h t  of 

the lower trace) whi l e   t he   cu r ren t   due   t o   pos i t i ve   i ons   gene ra t ed   by   t he  

r a d i a t i o n   i n   t h e   f i r s t   o r d e r   s p e c t r u m  i s  measured  on t h e  10 x amp 

scale. Since  argon i s  i o n i z e d  a t  a l l  photon   energ ies   l a rger   than   the  

photoionizat ion  threshold  energy  of   approximately  15  ev and t i t a n i u m  

t r ansmi t s  a l l  radiat ion  between 680A and  3258  with maximum t r ansmi t t ance  

near  400AY5’ w e  should   observe   the   ion  current a t  the   co l lec tor   be tween 

these  ranges.  The r e a s o n   f o r  no s ignal   on  the  long  wavelength  s ide  of  

630A o r  on the   shor t   wavelength   s ide   o f  360A i s  t h e  low t r ansmi t t ance  of t h e  

t i t an ium  f i lm   u sed   he re .   Th i s   f ac t  i s  supported  by  the traces, shown 

in  Figure  56,   where  the  upper  trace shows t h e   i n t e n s i t y   o f   r a d i a t i o n  a t  

t h e   e x i t  s l i t  of  the monochromator as measured by the   pho tomul t ip l i e r  

tube and the  lower  t race shows the  photocurrent  a t  the  tungsten  photo- 

cathode  caused by the   rad ia t ion   which  i s  f i l t e r e d  by t h e   t i t a n i u m   f i l m  

on the   mosa ic   g lass  when no g a s e s   a r e   p r e s e n t   i n   t h e   d e t e c t o r .  T h e  z e r o   o r d e r  

response,  shown on the   r i gh t   s ide   o f   t he   l ower   t r ace ,  i s  measured  on  the 10 x 10”” 

amp scale   which i s  an  order  of  magnitude  less  than  the  one  obtained a t  

t h e   c o l l e c t o r  when comple te   absorp t ion   takes   p lace   in   a rgon .  

0 0 

0 

0 0 

Fix ing   t he   g ra t ing   fo r   t he   ze ro   o rde r   spec t rum,  we measure  the  ion 

c u r r e n t  a t  t h e   c o l l e c t o r  as a f u n c t i o n  of p r e s s u r e  of a r g o n   g a s   i n   t h e  

i o n  chamber. Figure 57 shows t h e  resu l t s  of  these  measurements. The 

c u r r e n t   d u e   t o   p o s i t i v e   i o n s   i n c r e a s e s   w i t h   p r e s s u r e  up to   approximately 

400 microns  where i t  a t t a i n s  i t s  maximum and  remains  constant   unt i l  

t h e   p r e s s u r e   i n c r e a s e s   t o  1 mm Hg. Measuring  the  current  a t  the   tungs ten  

photocathode a t  t h i s   p r e s s u r e   r e s u l t e d   i n  a s igna l   o f  less than 1 x 

amp, ind ica t ing   comple te   absorp t ion .  

After  measurements  with  argon  gas i n   t h e   i o n  chamber were completed, 

the  system was evacuated  and  subsequently  neon  gas was allowed  to  f low 

through  the  ion chamber u n t i l  a l l  traces of argon  gas  were el iminated.  

Figure 58 shows the   spec t r a l   r e sponse   o f   t he   de t ec to r   u s ing  a t i t an ium 
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film  and  neon  gas. The lower   t r ace   i nd ica t e s   t he   i on   cu r ren t  at the  

c o l l e c t o r   f o r   p r e s s u r e s   o f   n e o n   g a s  a t  wh ich   t he   s igna l   fo r  the ze ro   o rde r  

spectrum i s  a maximum and t he  ion gauge  pressure i s  t h e  Same as t h a t  f o r  

argon. On compar ing   the   co l lec tor   cur ren t   in   the   lower   t races   o f   F igure  

55 and 58 i n   t h e   o v e r l a p p i n g   r e g i o n ,  i t  i s  found  tha t   the   ou tput   s igna l  

i s  t h e  same i n d i c a t i n g   t h a t   t h e   p h o t o n   f l u x  a t  any  wavelength,  which 

i s  able   to   ionize  both  argon  and  neon,  i s  independent  of  the  gas  chosen. 

I t  i s  impor tan t   to   no te ,   however ,   tha t   s ince   the   photo ioniza t ion   th reshold  

f o r  neon l i e s   n e a r  580A, no c o l l e c t o r   c u r r e n t  i s  measured a t  590A. 

Hence , the   combinat ion  of   the  t i tanium f i l m  and  neon gas   has  a l imi t ed  

spectral   response  between 580A and 360A. I t  should  also  be  mentioned 

t h a t  we looked   fo r   co l l ec to r   cu r ren t s  a t  longer  wavelengths  than 600A, 

but no measurable   s ignal  was observed  even  with  s t ronger   radiat ion.  

0 0 

0 0 

0 

Figure 59 shows a t y p i c a l   t r a c e   ( l o w e r )  of t he   spec t r a l   r e sponse  

of t he   de t ec to r   u s ing  a t i t a n i u m   f i l m  and  helium  gas  together  with  the 

t race   cor responding   to   the   photon   f lux  a t  t h e   e x i t  s l i t  as measured by 

t h e   p h o t o m u l t i p l i e r   t u b e   ( u p p e r   t r a c e ) .   S i n c e   t h e   t h r e s h o l d   f o r   p h o t o -  

i o n i z a t i o n   i n   h e l i u m   l i e s  a t  504A, no c o l l e c t o r   s i g n a l  i s  seen a t  wave- 

lengths   longer   than  504A. Such a combination  of a T i  f i l m  and helium  gas 

i s  respons ive   to  a l l  radiat ions  between 504A and 360A. S ince   the  

measurements  with  this  combination  were  taken on a d i f f e r e n t   d a y ,  i t  i s  

n o t   p o s s i b l e   t o  compare the   s igna l s   i n   t he   ove r l app ing   r eg ion   w i th  

those  of   Figures  55 and 58. The l i g h t   s o u r c e  i s  also  not   completely 

reproducible   f rom  day  to   day.  T h e  s i g n a l  a t  the  photocathode for the zero  

order   wi thout   any   gas   in   the   ion  chamber was also  found  to  be  lower  than 

the  one  on  the  previous  day. 

0 

0 

0 0 

The r e s u l t s   r e p o r t e d   s o   f a r ,   a l t h o u g h  somewhat l imi ted ,   can  be 

d iscussed   in   the   fo l lowing   manner ;  

Our main o b j e c t   i n  t h e  u t i l i z a t i o n  of t h e s e   d e t e c t o r s  i s  t o   o b t a i n  

pho ton   f l uxes   i n  a spec i f i ed   wave leng th   i n t e rva l .  We measure  the  photo- 

e l ec t r i c   cu r ren t   p roduced  a t  t h e  W photocathode by a l l  t h e  

r a d i a t i o n   e n t e r i n g   t h e   d e t e c t o r  chamber. S i n c e   t h e   p h o t o e l e c t r i c   y i e l d ,  
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def ined  as the  number  of e lectrons  produced p e r  inc ident   photon ,  i s  

known from  previous  measurements, a rough  estimate  of  the  photon 

f l u x   e n t e r i n g   t h e  chamber i s  known. TJe a l s o   o b s e r v e   t h e   c o l l e c t o r   c u r r e n t  

due to   pos i t i ve   i ons   p roduced  by photo ioniza t ion .  The pho to ion iza t ion  

e f f i c i e n c y ,   d e f i n e d  as the   r a t io   o f   i ons   p roduced   t o   t he  number  of 

photons  absorbed, i s  u n i t y   f o r  a l l  rare gases  a t  photon  energies  

g r e a t e r   t h a n   t h e   i o n i z a t i o n   t h r e s h o l d .   T h e r e f o r e ,   t h e  number of photons 

absorbed i s  equa l   t o   t he  number of ions  produced  which i s  obtained  by 

d iv id ing   t he   cha rge  on   one   ion   in to   the   to ta l   ion   cur ren t   p rovided  al l  

t h e   i o n s   c r e a t e d   a r e   c o l l e c t e d .  Hence a r a t i o  of p h o t o e l e c t r i c   c u r r e n t  

a t  the  cathode  without   any  gas   in   the chamber t o   t h e   i o n   c u r r e n t  a t  t h e  

co l l ec to r   w i th   comple t e   abso rp t ion   shou ld   be   equa l   t o   t he   pho toe lec t r i c  

y i e l d  of the  cathode.  The r a t i o  was c a l c u l a t e d  when the  bismuth f i l m  

t7as used   wi th   a rgon   in   the  chamber  and was found  to  be 12.57%, wi th in   t he  

experimental   error  limit, t h e  same as repor t ed  by w e i s s l e r .  It i s ,  

therefore ,   conc luded   tha t  a l l  the   i ons   p roduced   i n   t he  chamber are c o l l e c t e d  

at t h e   c o l l e c t o r  and t h a t  a l l  the   photons   en te r ing   the  chamber are absorbed 

before   reaching  the  photocathode.  The  adequacy of t h e   g a s   p r e s s u r e  

r e q u i r e d   t o  make complete  absorption  has  been  demonstrated  by  the 

constancy of t h e   o u t p u t   s i g n a l   i n   t h e   o v e r l a p p i n g  spectral reg ion   us ing  

d i f f e r e n t   g a s e s .  

11 

Knowing the   t r ansmi t t ance   o f   t he   t h in   f i lm  - mosaic  glass  combination, 

i t  i s  t h u s   p o s s i b l e   t o   c a l c u l a t e   t h e   t o t a l   p h o t o n   f l u x   i n  a s p e c i f i e d  

wavelength   in te rva l  by obse rv ing   t he   co l l ec to r   s igna l   co r re spond ing  

t o   t h a t   r a d i a t i o n .  

P h o t o e l e c t r i c  Measurements 

From p a s t  exper ience ,  i t  was thought  worthwhile  to  measure  photo- 

e lectr ic   emission  f rom  unbacked  thin  f i lms  s ince  these  f i lms  are   an 

i n t e g r a l  p a r t  o f   the   se lec t ive   de tec tors   deve loped   dur ing   th i s   p rogram.  

An experimental  chamber made o u t   o f   s t a i n l e s s   s t e e l  was designed. On 

one of t h e   f l a n g e s ,  a !QI r o d   c a r r i e d   t h e  sample holder  which  could  be 

moved i n t o  and ou t   o f   t he   r ad ia t ion  beam. The f i l m   h o l d e r  was e l e c t r i c a l l y  

! 
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i n su la t ed   f rom  the  rest of   the chamber so tha t   t he   pho toemiss ion   cu r ren t  

could  be  monitored when a c o l l e c t o r  was placed a t  a p o s i t i v e   p o t e n t i a l  

surrounding  the  sample.  Two hemisphe r i ca l   co l l ec to r s ,  5 i n c h e s   i n   d i a m e t e r ,  

were supported  from  the same f l a n g e  as the  sample h o l d e r   b u t   e l e c t r i c a l l y  

insu la ted   f rom i t  and  from  each  other. A s e r i e s   o f   h o l e s ,  5 i n c h   i n   d i a m e t e r ,  

were d r i l l e d   i n   t h e s e   h e m i s p h e r e s   i n   t h e   p l a n e  of i nc idence ,  and a s p h e r i c a l  

mesh s c r e e n   g i r d  of 90% op t i ca l   t r anspa rency  and 4 i n c h e s   i n   d i a m e t e r  was 

suppor ted   on   the   ins ide  of t he   hemisphe r i ca l   co l l ec to r  by l e v i t e   i n s u l a t o r s .  

This p h o t o e l e c t r i c   c e l l  was thus  capable  of making spec t r a l   r e f l ec t ance   measu re -  

ments as  a func t ion  of  angle   and   photoe lec t r ic   y ie ld   measurements   separa te ly ,   bo th  

i n   t h e   f o r w a r d   d i r e c t i o n ,   o p p o s i t e   t h e   i n c i d e n t  beam, and i n   t h e  backward 

d i rec t ion   which  i s  i n   t h e   d i r e c t i o n  of t h e   i n c i d e n t  beam. The o p t i c a l  

alignment was achieved  using  the  zero  order   spectrum  and a ground  g lass  p l a t e .  

For   moni tor ing   the   rad ia t ion ,  anEMR e l e c t r o n   m u l t i p l i e r   t u b e   t y p e  641W-20 

having a N i  photocathode was i n s t a l l e d   i n s i d e   t h e  chamber .   In   order   to  

c a l i b r a t e  i t ,  the  fol lowing  procedure was adopted. F i r s t ,  to   measure  the 

i n p u t   s i g n a l   t o   t h e   m u l t i p l i e r   t u b e ,  a Stancor P6462 f i lament   t ransformer  

was connec ted   t o   t he   f i l amen t   and   ad jus t ing   t he   i npu t   vo l t age   i n   t he   v i c in i ty  

of 1 v o l t ,  a c u r r e n t  was measured a t  t h e  N i  photocathode  by means of a 

micro-microammeter, as shown i n   F i g u r e   6 0 ( a ) .   A f t e r   t h i s   s i g n a l  was 

r eg i s t e red ,   t he   comple t e   e l ec t ron   mu l t ip l i e r  was connected as shown i n  

Figure  60(b)  so tha t   the   ampl i f ied   s igna l  a t  the  collector  could  be  measured 

as t h e   t o t a l   v o l t a g e  was var ied.   Simultaneously,  t 'he da rk   cu r ren t  a t  t h e   c o l l e c t o r  

was a l s o  measured as a f u n c t i o n  of vo l tage   wi th   the   f i l ament   swi tched   of f .  

The gain  measurements  thus made agreed  with  those  provided by the 

manufacturer   and  are ,   therefore ,   omit ted  f rom  this   report .  

The f i r s t   u s e  of t h e   s p h e r i c a l   p h o t o e l e c t r i c   c e l l  was made i n   t h e  

measurement   of   the   photoelectr ic   yield of  an a l l o y  of copper  and  tungsten 

c a l l e d   e l k o n i t e  10W3. I t  c o n s i s t s  of 57% of tungsten and 43% of  copper 

and  has  been  used s u c c e s s f u l l y  as a n  e l e c t r o d e   m a t e r i a l  i n  t h e   c a p i l l a r y  

spa rk   d i scha rge   l i gh t   sou rce .  The sample  surface was prepared by a 
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Figure 60. Circuit  for  Electron  Multiplier Gain Measurement. 

127 



convent iona l   mi l l ing   t echnique   wi thout  the use   o f   any   lubr icant   and  

was po l i shed   w i th  Armor s i l i c o n   c a r b i d e   p a p e r   a n d  emery c l o t h .  After 

bu f f ing  the s u r f a c e   w i t h  jewellers rouge,  Onesco #lS, i t  was r i n s e d   w i t h  

reagent   g rade   ace tone   and   c leaned ,   us ing   the   u l t rasonic   t echnique ,   before  

i n s t a l l a t i o n   i n   t h e   p h o t o c e l l .  

The e l ec t ron   cu r ren t   l eav ing   t he   s ample  was measured by connect ing 

the  micro-microammeter   to   the sample w h i l e   t h e   s c r e e n   a n d   c o l l e c t o r s  

were kep t  a t  +45 v o l t s .   F i g u r e  6 1 ,  shows t h e   p h o t o e l e c t r i c   y i e l d   i n  

a r b i t r a r y   u n i t s ,   c a l c u l a t e d  by d i v i d i n g   t h e   e l e c t r o n   c u r r e n t  by the  photo- 

mul t ip l i e r   ou tpu t   fo r   each   wave leng th ,  as a f u n c t i o n  of  wavelength. We 

f i n d   t h a t   t h e   y i e l d   a t t a i n s  a maximum value  near  600A and  drops  off  on 

e i t h e r   s i d e   o f   t h e  maximum. 

0 

Photo  Diode  Studies 

The u l t r av io l e t   pho tod iode  UV 100 i s  a s i l i c o n   d i o x i d e   p a s s i v a t e d  

s i l i c o n  P-N junc t ion   dev ice .  I t  was mounted  on a TO5 t r a n s i s t o r  

header   with  mechanical   protect ion  provided by a cy l ind r i ca l   sh i e ld   wh ich  

was open a t  one  end. It  was l o c a t e d   i n   t h e   e x i t  s l i t  assembly  and 

replaced  the  radiat ion  thermocouple .  The e l e c t r i c a l   c o n n e c t i o n s  were 

made i n   s u c h  a manner t h a t   t h e   m e t e r   r e g i s t e r e d   t h e   s i g n a l   d u e   t o   t h e  

i n t e r n a l   p h o t o v o l t a i c   e f f e c t   o n l y .  We used the pu l se -bur s t  mode ope ra t ion  

of t h e   l i g h t   s o u r c e   i n   c o n j u n c t i o n  with t h e  Brower synchronous  amplif ier  

and   were   ab le   t o   mon i to r   s igna l s   i n   t he  100 nv  region when exposed  to 

t h e   r a d i a t i o n   i n   t h e  100 - lOOOA region.  No s i g n a l s  were  observed  above 

700A bu t  clear s i g n a l s  were r e g i s t e r e d  on the   char t   recorder   be tween 400 

and 700A. F u r t h e r  work could  not   be  cont inued  because  of   noise   problems 

i n   t h e   a m p l i f i e r   d u e   t o  RF g e n e r a t e d   i n   t h e   l i g h t   s o u r c e .  

0 

0 

0 
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Figure 61. Photoelectric Yield of ELKONITE 10W3 



SECTION VI1 

CONCLUSIONS 

The r e s u l t s  Deported i n   S e c t i o n  V I  o f   t h i s   r e p o r t   h a v e   c o n c l u s i v e l y  

shown t h a t   t h i n  films can  be used  as f i l ters as well as windows f o r  

t h e   r a r e   g a s   i o n  chambers t o   r e s u l t   i n   s e l e c t i v e   d e t e c t o r s   f o r   t h e  wave- 

length  region  between 100 and 1000A. We have   seen   tha t  a T i  f i l m ,  which 

i s  t ransparent   in   the   wavelength   reg ion   be tween 680A and 3258 wi th  a 

peak  t ransmission  near  400A, when a t t ached   t o   an   i on  chamber f i l l e d   s e p a r a t e l y  

wi th  A ,  Ne , and H e  r e s u l t s   i n   d e t e c t o r s   s e n s i t i v e   o v e r   t h e   w a v e l e n g t h  

0 

0 0 

0 

a B i  f i l m ,  which i s  t ransparent   in   the   wavelength   reg ion   f rom 850A t o  

510A, when a t t a c h e d   t o   t h e   i o n  chamber f i l l e d   s e p a r a t e l y   w i t h  Kr, A,  and 

Ne r e s u l t s   i n   d e t e c t o r s   s e n s i t i v e   o v e r   t h e   w a v e l e n g t h   r e g i o n  850 - 510A, 

797 - 510A, and 580 - 510A respect ively.   Because  of   the  thickness  of 

t he  B i  f i lm  used ,   the   upper  limit b o t h   f o r  K r  and A,  as seen i n   F i g u r e s  

44 and 45,  Seems to  be 686A. T h i s   i n d i c a t e s   t h a t   t h e  B i  f i lm  used was 

n o t   a b l e   t o   t r a n s m i t   t h e  weak radiat ion  between 6868 and 850A. However, 

an  indium  film,  which i s  t r anspa ren t   i n   t he   wave leng th   r eg ion   f rom 

llOOA t o  740A, when a t t a c h e d   t o   t h e   i o n  chamber f i l l e d   w i t h  Xe, K r ,  and 

A r e s u l t s   i n   d e t e c t o r s   s e n s i t i v e   o v e r   t h e   w a v e l e n g t h   r e g i o n  1022 - 740A, 

888 - 740A, and 787 - 740A r e s p e c t i v e l y .  

0 

0 

0 0 

0 

v 0 

0 0 

0 

0 0 

Consider ing  the last case where   the   de tec tor  i s  s e n s i t i v e   o v e r  a 
0 

wave leng th   i n t e rva l  of less than 50A, w e  c a n   c a l c u l a t e   t h e   s e n s i t i v i t y .  

The minimum de tec t ab le   s igna l ,   s ay   nea r  750A, i s  1 x  10-14amp  which 

i s  roughly  the l i m i t  o f   our   e lec t rometer .  'Ihis co r re sponds   t o  a photon 

f lux   of   approximate ly  IO5 i n s i d e   t h e   d e t e c t o r .  Assuming t h a t   t h e   t r a n s -  

mit tance  of  a thin  f i lm-mosaic   glass   combinat ion i s  5%, then  the  photon 

0 
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r 

f lux   impinging   on  the d e t e c t o r  i s  2 x lo6. T h i s   r e p r e s e n t s   t h e  

minimum photon  f lux  which a s e l e c t i v e   d e t e c t o r   d e v e l o p e d  so f a r  is 

capable  of  detecting.  Hence there is  no problem  of  detecting  an  extended 

source  of 1 KR ( lo9 photons cm-a sec-l A - l )  at  500A when the p rope r   t h in  

f i l m  and  gas  combination i s  used. The monitoring of  photons i s  done 

i n  real time and the response t i m e  f o r   t h i s   d e t e c t o r   w i t h   a s s o c i a t e d  

e l e c t r o n i c s  i s  dependent   on   the   e lec t ronics   on ly .  Based on this s tudy ,  

i t  i s  sugges t ed   t ha t   fu r the r  work fo r   t he   deve lopmen t   o f   s e l ec t ive   de t ec to r s  

should  be  pursued  with  sol id  s ta te  diodes  which  were  barely  explored 

during  this   program. 

0 0 
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